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PREFACE 


This monograph arose from a re-exafnination of both productoid and chonetoid 
genera for the Treatise on Invertebrate Paleontology. 
Research on the Productoidea was undertaken by the present author and Dr. 
G. Arthur Cooper, whose joint work entitled The Morphology, Classification and 
Life Habits of the Productoidea has recently been published by the Geological Society 
of America (1960). The chonetoids are no longer considered to be the ancestors 
of the productoids and have been separated from them as a distinct suborder. 
The present work by Dr. H. M. Muir-Wood contains a new classification of the 
Chonetoidea, together with a critical revision of all the chonetoid genera and a 
discussion of the phylogeny of the families. The revised list contains one new 
family and nine new subfamilies, and of the twenty-nine genera included seven 
are described for the first time. 
Modern methods and techniques have enabled Dr. Muir-Wood to add con- 
. siderably to our knowledge of the morphology of the chonetoids, and in particular 
of their internal structure, the importance of which has rarely been demonstrated. 
The author points out the need for further research on the Chonetoidea with special 
reference to larger zonal collections and the study of internal characters. 
ERROL WHITE 
Keeper of Palaeontology 
September 27th 1960 
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INTRODUCTION 


The present revision of the Chonetoidea was undertaken in connection with a re-examination 
of productoid and chonetoid genera for the Treatise on Invertebrate Paleontology to be published 
by the Geological Society of America. Owing to the amount of work involved the productoid 
research was carried out jointly by H. M. Muir-Wood and G. Arthur Cooper, and their results 
are published in a Geological Society of America Memoir (1960). ‘They pointed out that the 
chonetoids are not the ancestors of the productoids as has been generally thought, though both 
are assumed to have been derived from the Strophomenoidea. The chonetoids have, therefore, 
been separated from the productoids as a distinct suborder, and research on them has been 
carried out by H. M. Muir-Wood. 

This monograph is concerned with the internal and external morphology and classification of 
the superfamily Chonetacea which ranges from the Upper Ordovician or Lower Silurian to the 
Upper Permian. The Cadomellacea which may also belong to the Chonetoidea are dealt with 
elsewhere. The affinities of this superfamily, which occurs in the Trias and Lias, are still 
uncertain though it may possibly be derived from the Chonetacea. 

The Liassic Cadomellas havea supra-apical foramen indicating a functional pedicle which was 
not accommodated within the delthyrium. They also have a pseudodeltidium and chilidium, 
both primitive characters. The shell, however, is fibrous and so far no taleolae (pseudopunctae), 
characteristic of the Strophomenoidea, Productoidea and Chonetoidea, have been observed. 

Little is at present known about the internal structure of many chonetoids, and earlier 
descriptions of chonetoid species and genera usually omit all reference to internal morphology. 
Separated valves and especially the thinner and more delicate brachial valve are comparatively 
rare. Internal moulds occur in some Silurian and Devonian deposits and rubber squeezes 
have been prepared from these. Some North American specimens are silicified and can be 
etched out in hydrochloric or acetic acid. The Pennsylvanian of America yields excellently 
preserved specimens often with separated valves, and a study of internal characters can easily 
be made. Although a certain amount of variation was observed, especially in successive growth 
stages, yet the general pattern of the internal morphology was found to be fairly constant in 
related species of any one genus. The descriptions given are of adult forms, and the publication 
is a revision of genera and not of all chonetid species. 

The angle of emergence of spines whether parallel, oblique or at right angles to the hinge 
line was found to be fairly constant in related species, and this character has been included in the 
generic diagnoses. Diagnoses of genera and species of the Chonetacea are based whenever 
possible on internal as well as external characters. 

In the Systematic Descriptions only selected synonymies are included in order to save 
cost of printing. 
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My thanks are due to Dr. G. A. Cooper, Prof. C. O. Dunbar, Dr. Norman Newell, Dr. 
Preston Cloud, Dr. H. B. Whittington, Dr. Marvin Weller, Dr. C. J. Stubblefield, Prof. 
T. N. George, Prof. Gill, Dr. E. Currie, Prof. Alwyn Williams, Mr. A. G. Brighton, Dr. F. 
Demanet, Dr. Vandercammen, Mr. Edmonds, Mr. Selwyn Turner and Dr. D. Rayner for 
permission to examine specimens in the collections in their charge, or for loan of specimens, 
and to my assistants Mr. E. F. Owen for assistance in checking references, to Mr. N. J. 
Holmes for cleaning and preparing wax squeezes of some specimens, and to Mr. J. Ferguson 
for assistance in checking some of the ranges and zones. 


RANGEAND DISTRIBUTION OF THE 
CHONETOIDEA 


Text-fig. 1 


The range of Chonetes sens. lat. is generally thought to be Silurian, Wenlock to Upper Permian, 
and this was the opinion of Davidson (1884: 357, 395). Cooper & Williams (1952: 333), 
however, stated that chonetids first occur in the late Ordovician, and that they are the earliest 
representatives of the Productacea. This latter idea was refuted by Muir-Wood & Cooper 
(1960). 

The occurrence of Chonetes sens. lat. in the Ordovician is still not definitely proved. One 
of the earliest chonetid records is of Chonetes primigenius 'Twenhofel in the Upper Ordovician 
and Lower Silurian of Anticosti Island. There is doubt about the correct correlation of these 
so-called Ordovician Beds and they may prove to be Lower Silurian. Another Ordovician 
record, Chonetes (Eochonetes) advena Reed (1917) from the Caradocian, Drummuck Group of 
Ayrshire, Scotland is no longer accepted and Eochonetes is considered to be an offshoot of the 
Plectambonitidae. 

Chonetes (Eodevonaria) celtica Reed (1944a) from the Upper Ordovician, Balclatchie Beds, 
Ayrshire, appears to be a chonetid with spines along the hinge, but it does not have the 
denticulate hinge of Eodevonaria. The shell is radially capillate with about 200 capillae, but 
with the median one much thickened. On this account it is assigned to Strophochonetes gen. 
nov., but the internal characters are unknown. It is represented by a single pedicle valve. 
Reed compared this species with Chonetes primigenius 'Twenhofel from the Upper Ordovician 
or Lower Silurian of Anticosti Island. C. primigenius has also been referred to Strophochonetes. 

O. T. Jones (1928: 389) in the description of his genus Chonetozdea referred to Leptaena 
grayt Dav. and Leptaena minima (J. de C. Sowerby), both of which are said to have internals 
similar to those of Chonetoidea from the Upper Bala and Llandovery. Both these species have 
been assigned incorrectly to Chonetes, although O. T. Jones stated that a spine could be seen 
on the type specimen of ‘ZL’. minima from a Wenlock Shale of Burrington and preserved in the 
Geological Society’s collection at the Geological Survey, London. No spines have been ob- 
served on Davidson’s specimens of ‘ Leptaena’ grayi and the longitudinal ornament of angular 
costellae and fine intercalations or bifurcations is quite unlike that of chonetids. 

Leptaena laevigata J. de C. Sowerby, also from Burrington, near Ludlow, appears to lack 
spines along the hinge and radial ornament, and is doubtfully a chonetid. Another small 
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Fig. 1. Range of the Chonetoid genera at present known. Horizontal scale 1 mm.=2 million years. The 
duration of the geological periods is in accordance with the latest figures published by Prof. A. Holmes 
(1959). The Silurian divisions L, M, U, correspond to Llandovery, Wenlock and Ludlow. The Devonian 
to Gedinnian, Siegenian, Emsian (Lower); Eifelian and Givetian (Middle); Frasnian and Famennian 
(Upper); the Carboniferous T, V, N, W, to Tournaisian and Visean (Lower Carboniferous), Namurian and 
Westphalian (Upper Carboniferous). The Mississippian will correspond approximately to the Lower 
Carboniferous and Namurian (in part); the Pennsylvanian approximately to the Upper Carboniferous. 
The Permian L, M, U, corresponds to Lower, Middle and Upper Permian. 
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smooth hemispherical species, with highly concavo-convex valves, Chonetes lepisma J. de C. 
Sowerby from the Lower Ludlow or Aymestry Limestone, has a row of spines along the hinge 
and a median septum in each valve, and is certainly a chonetid. From the few interiors seen it 
appears to have lateral septa and two raised areas adjacent and anterior to these septa, an 
anteriorly placed median septum, a small cardinal process with alveolus and two inner socket 
ridges. The internal surface is remarkable for its prominent papillae not in radial rows. A 
few of the specimens examined have faint coarse costellation, while rarely this ornament appears 
round the anterior margin suggesting that this smooth form was ancestral to a costellate 
species. The internal characters of the brachial valve, together with shell contour, hemi- 
spherical outline, and the position of the interareas suggest affinity with Retichonetes, a new 
Devonian genus, with prominent radial and more or less marked transverse ornament. 

In the Silurian the genus Strophochonetes, represented by S. cingulatus (Lindstrém) 
occurs in the Wenlock Limestone equivalent in Sweden and Gotland. The enlarged median 
capilla in the pedicle valve in this and related species may show relationship with plectamboni- 
tid ancestors from which, however, it is easily recognized by its extremely long vertical hinge 
spines. 

Strophochonetes is largely replaced in the Upper Silurian by species of Protochonetes, all of 
which are evenly capillate and have oblique hinge spines. All species have a medianly incised 
septum posteriorly in the pedicle valve. 

In the Devonian the chonetids attained their maximum development in number of genera. 
Chonetes s. str. probably first occurs in the Lower Devonian beds of Europe and may persist 
into the Lower Carboniferous. It is finely capillate with strong growth-lines, oblique spines and 
three or more fine septa in the brachial valve. It is associated in the Lower Devonian of Europe 
with species of Eodevonaria with denticulate hinge, reminiscent of the plectambonitacean 
genus Plectodonta. Eodevonaria is found also in the Lower and Middle Devonian of N. America, 
but in spite of its specialized hinge is short-lived. In the Falkland Islands exceptionally large 
capillate chonetids occur in the Lower Devonian beds, some of which can be referred to 
Notiochonetes gen. nov, having a prominent trilobed cardinal process, an anteriorly placed 
median septum and strong lateral septa. 

The Middle Devonian, Hamilton Beds of N. America are characterized by small capillate 
forms belonging to the genus Longispina, with spines often of considerable length extending 
parallel to the hinge. Species of Devonochonetes gen. nov. with less convex pedicle valve and 
low-angled spines and a massive cardinal process supported by a long median septum are abun- 
dant in the Hamilton Beds and their equivalents. Retichonetes with fine longitudinal and 
transverse ornament, usually forming reticulate patterns, and often having a longitudinally 
ridged ventral interarea when decorticated, or regularly arranged rounded papillae near the 
posterior margin, is common in the Middle and Upper Devonian of Europe and N. America, 
and may extend up into the Lower Carboniferous of these regions. 

These Devonian genera have all been capillate but two smooth genera also occur—Anoplia 
which usually lacks external hinge spines and is found in the Lower Devonian with a nearly 
world-wide distribution, and Notanoplia, with three to seven internal ridges, which has so 
far only been found in Australia and is imperfectly known. 

Plicochonetes is found throughout the European Devonian but is typically developed in the 
Lower Carboniferous, for example the coarsely costate species, P. buchianus (de Koninck). 
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Chonostrophia, the only chonetid genus with convexity of the valves reversed occurs doubtfully 
in the Silurian, but is well represented in the Lower Devonian of N. and 5S. America, and 
extends up into the Middle Devonian of that continent. 

In the Lower Carboniferous the chonetoids attain their maximum size development, 
species of Delepinea gen. nov., Daviesiella and Megachonetes being relatively gigantic when 
compared with the average chonetoid. ‘These three genera and the slightly smaller Azrtonia were 
all short-lived and died out by the end of the Lower Carboniferous or in the Lower Namurian. 

The commonest Lower Carboniferous genus of small size is Rugosochonetes which 1s widely 
distributed in Europe and probably occurs in most parts of the world. Two rare smooth 
genera occur in this formation, Tornquistia, an European genus with two diverging septa in 
the brachial valve, and Anopliopsis, a N. American genus with a number of diverging ridges 
in one or both valves. Semenewia, another rare genus, with concentric rugae instead of radial 
capillae, is found in the Lower Carboniferous of Europe. 

In the Upper Carboniferous and Permian a few new genera appear. Neochonetes, with 
capillate species, ranges from Upper Carboniferous to Permian and probably has a world-wide 
distribution. Chonetinella, also capillate but with a deep fold and sulcus appears to be limited 
to the Pennsylvanian and Lower Permian. It occurs in Europe and N. Africa and may be 
cosmopolitan. Mesolobus, with a Pennsylvanian distribution, has typically an additional fold in 
the sulcus, and a sulcus in the median fold. It is capillate but later forms tend to be smooth. 
- Two smooth forms, Quadrochonetes and Dyoros are at present only known with certainty from 
the Permian of N. America, while Lissochonetes has a wide distribution in the Upper Carbo- 
niferous and Permian. Eolissochonetes has recently been described from the American 
Pennsylvanian, but its distribution at present is unknown. 

Chonetina, another smooth genus, from the Permian of Russia, is still imperfectly known, 
but is said to have numerous radiating ridges in the interior of the brachial valve. Waagenites, 
which resembles a productid or spiriferid rather than a chonetid, has a remarkable develop- 
ment in the Productus Limestones of the Salt Range in Pakistan, and elsewhere in Asia. In its 
typical development it has a deep fold and sulcus and few strong costae, spines parallel to the 
hinge line, and a low breviseptum in the brachial valve. It is probable that some of the smooth 
forms of the Permian belong to an undescribed genus. They are more semicircular in outline 
than the true lissochonetids and lack the deep fold and sulcus of Chonetina and Quadro- 
chonetes. The shell surface has numerous squamose growth lines. This form appears to 
have a wide distribution. A diagram showing range of the genera described is given on p. 3 
(Text-fig. 1). 


LIFE HABITS 


The function of the spines along the hinge was probably for attachment or entanglement with 
other organisms since some of the spines are recurved at the distal end. Chonetid spines were 
probably closed at the tip by a sticky pad of cuticle and are unlike productoid spines which 
sometimes coalesce or divide into two, indicating that the spines though filled with outgrowths 
of the mantle like the chonetids, were, however, open at the distal end. Gill (1950b: 48) has 
suggested that the flattened light shells of the smaller chonetoids may have been adapted for 
floating but this cannot be confirmed. ‘The crowding of chonetoid shells in some beds suggests 
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that these were dead shell deposits since the specimens are thrown together without any order, 
some with brachial, others with pedicle valves uppermost, and often with the valves separated, 
or gaping widely and still in contact along the hinge. ‘This last occurrence seems to indicate 
some method of attachment of the valves other than by muscles and teeth and sockets. 

The spinules that are scattered over both valves usually in the form of apertures may have 
acted as strainers across the anterior gape when the two valves were separated and the animal 
was feeding. They may also have served as a protection and have prevented other organisms 
from settling on and attaching themselves to the chonetoid shell. They are extremely delicate 
and of small size and diameter and are seldom preserved in place (see Pl. 6, fig. 6), though 
detached fine spinules may be preserved in matrix near a chonetoid shell. 

In the productoids studied by Muir-Wood & Cooper (1960) there is an elaborate system of 
strainers consisting of internal spines (endospines) and pustules, or projecting rims, frills and 
gutters. In the simpler chonetoid shells, strainers are provided by the development in both 
valves of radial rows of pustules, taleolae or endospines of varying diameter, especially near the 
anterior and lateral margins, and often overlapping or interlocking with those of the opposite 
valve (see Pl. 16, figs. 1-4). 

In the earliest growth stages of Silurian and Devonian forms at least, the shell appears to 
have been attached by a very fine pedicle which emerged through the umbo of the pedicle 
valve or anteriorly to the umbo, and not through the foramen. This is a strophomenoid and 
not a productoid character and the small pedicle pipe, sometimes preserved, is similar to that 
of Leptaena or the stropheodontids. The pedicle foramen is sometimes preserved in small 
specimens from shales. 

Careful examination of well preserved young specimens should yield further information 
about the foramen. It may have been lost in later developed species and probably only 
functioned in very early growth stages. After early attachment the shell probably rested on the 
sea bottom with brachial valve uppermost and spines along the hinge serving as balancers or 
for attachment. In some forms such as Megachonetes dalmanianus (de Koninck) (Pl. 14, figs. 
3a, b) the spines were long and curved and may have served for entanglement with other 
organisms and anchored the shell. 

The large forms, Daviesiella, Delepinea and Airtonia, with thickened convex pedicle valves 
probably lived free and unattached throughout life. External spines are seldom preserved and 
spinules are not abundant, except in the flat Megachonetes. 'The thickening of the pedicle 
valve posteriorly in all chonetoids and especially in these large convex shells, Daviesiella, 
Delepinea and Airtonia probably serves as in the productoids to weight the shell umbonally 
so as to keep the anterior margins directed upwards and free of the mud when the animal was 
feeding with valves agape. 

Abnormally long spines are preserved in some specimens of Strophochonetes cingulatus 
(Lindstrém) as figured by Hede (1915, 1917) (Text-fig. 5a). These are almost vertical to the 
hinge and may be 7 mm. in length in a shell 4 mm. long. They may have served as balancers. 

The development of a median fold and sulcus, resulting in the trilobation of the shell 
probably serving to channel ingoing and outgoing water currents, is developed more especially 
in Upper Carboniferous and Permian genera, such as Chonetinella and Waagenites. ‘The internal 
ridging of the shell, as in Airtonia and Anopliopsis, may have been connected with internal 
water currents or have functioned as a strainer. 








EXTERNAL MORPHOLOGY a 


In some species the median septum or breviseptum is anteriorly prominent and 
probably acted as an internal partition controlling internal ciliary currents. 


EXTERNAL MORPHOLOGY 


In the chonetoids the brachial valve is normally plane or concave and the pedicle valve more or 
less convex. In Chonostrophia the convexity is reversed and the brachial valve is convex. The 
size of the body cavity varies with the convexity of the pedicle valve, and the contour of the 
brachial valve, but it is rarely very large. In species of Megachonetes the two valves may be 
almost flat and the body cavity reduced to a minimum, while in Daviesiella it may be of con- 
siderable size. In Retichonetes the pedicle valve may be highly convex or globose while in 
Chonetes sens. str. it is usually slightly convex or depressed. 

The length is measured along a vertical axis, usually from the most posterior part of the 
umbo, or of the visceral disk of the pedicle valve to the anterior margin. The width is measured 
along the hinge or along the region of greatest width (Text-fig. 2B). The thickness is measured 
along an axis at right angles to length and width (Text-fig. 2c). 

Specimens are referred to as small when they are below ? in. or 20 mm. wide; medium- 
sized when they are between 3 in. and 2 in., or 20 to 50 mm. wide; large when they are over 
2 in. or 50 mm. wide. 

The majority of chonetids are less than 25 mm. in width. The largest species belong to the 
genus Delepinea, some specimens of D. cf. carinata (Garwood) from the Lower Carboniferous 
of Donegal, Ireland, may be 180 or 200 mm., or about 8 in. wide. 

The shell may be semicircular, alate, laterally elongated, or more quadrate in outline, the 
width normally exceeding the length. The cardinal angles may be rounded, angular or laterally 
extended in a spine-like extension. The ears are more or less triangular, flattened, or slightly 
convex lateral expansions along the hinge, and are often separated from the visceral disk by a 
shallow sulcus. An interarea is developed in each valve, that of the pedicle valve being as a 
rule about twice the height or length of that of the brachial valve (Text-fig. 2B). In the 
Silurian species the interareas are narrow but in the Devonian and Carboniferous they increase 
slightly in length, and in the large species belonging to the genera Delepinea and Megachonetes 
the interareas may be over 10 mm. in length. The interareas may lie in the same plane or be 
set at an angle to one another. They tend to decrease in height towards the cardinal angles and 
may be triangular in outline. 

The notothyrium in the brachial valve may be closed partly by the chilidium or by two 
chilidial plates, and partly by the external face of the cardinal process (‘Text-fig. 22). In the 
Lower Carboniferous genera Daviesiella and Delepinea the chilidium forms a solid base to the 
cardinal process. It was well preserved in an imperfect young specimen of Daviestella llangol- 
lensis from Nant Clwyd, N. Wales, and appears as a transverse medianly notched plate 
expanding slightly in width posteriorly (Pl. 13, fig. 3). In Pennsylvanian and Permian forms 
the chilidium may be much reduced to two separate plates, or may be absent, and it is barely 
distinguishable in the narrow interareas of Silurian species. In some Devonian species it is 
fused with the cardinal process and V-shaped, with transverse growth-lines like the pseudo- 
deltidium. The delthyrium in the pedicle valve may be closed by the pseudodeltidium or by 
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callus thickening at the posterior end of the septum, but more often the pseudodeltidium 
appears as a small subtrigonal convex plate filling the posterior part of the delthyrium. In 
Rugosochonetes there is usually a very small apical pseudodeltidium while most of the rest of 
the delthyrium is filled by the apical callosity, the dorsal surface of which extends parallel to the 
interareas but at a lower level. The callosity is fused with the median septum and extends into 
the umbonal cavity and is in contact with the shell floor (PI. 7, figs. 13a, 14b). The anterior part 
of the delthyrium is usually occupied by the external triangular and lobate face of the cardinal 
process. In some genera a secondary triangular area is medianly developed in the interarea of 
the pedicle valve, forcing the umbones of the two valves apart in order to make room for the 
growing external face of the cardinal process. The result of this is to produce a reflexed inter- 
area in the brachial valve, well seen in species of Rugosochonetes from the Lower Carboniferous 
(Pl. 6, fig. 9), and in Pennsylvanian and Permian species of other genera. The dorsal interarea 
becomes curved anteriorly and the dorsal umbo is then anterior to the hinge line (PI. 11, fig. 5). 

In the Chonetacea the ornament may be radial, or concentric, or both combined to give a 
net-like structure, or the shell may be smooth except for the growth-lines or lamellae. A spine 
row is developed along the hinge on either side of the umbo in most genera, except most 
species of Anoplia, and spinule holes can be distinguished along the summit of the costae in 
capillate or costellate species (Pl. 6, figs. 1-4), or scattered over the shell in smooth forms. 

The spine row along the hinge is set along the posterior edge of the interarea of the pedicle 
valve (Pl. 14, fig. 3b). No corresponding row is developed in the brachial valve. The spines 
occur in a row on either side of the umbo and vary in number from 4 to 20 in each row. The 
form of the spines, diameter, length, whether straight or curved, as well as the angle of emer- 
gence, is found to be more or less constant in a single species and also in species belonging to 
the same genus, and consequently of considerable importance in classification. In some 
species of Megachonetes they are slightly curved and extend for some distance at a high angle 
to the hinge. In Plicochonetes and Strophochonetes the spines are nearly vertical to the hinge 
(Text-fig. 5a), while in Longispina, Waagenites and Chonetinella they are parallel to the hinge 
(Pl. rs, figs. 12-15). In Protochonetes they extend at an angle of about 30°-45°, and in Retr- 
chonetes, at about 60°. The development of spines parallel to the hinge may be related to the 
mucronate lateral extension of the cardinal extremities at successive growth stages. A mucronate 
extension is seen in some strophomenoids such as ‘ Strophomena’ expulsa Barrande, Stropho- 
mena armata Barr. and Stropheodonta stephani (Barr.) while the extension of costae along the 
hinge to form spinose outgrowths or projections is seen in other species of this suborder, for 
example in ‘Strophomena’ praecursor Barrande from the Silurian E2 of Bohemia. ‘These 
spinose outgrowths were probably solid, and not tubular containing extensions of the mantle 
as in true chonetid spines. 

Oehlert (1883) discussed the angle of emergence of spines which he called perpendicular, 
oblique, curved and parallel to hinge, but did not attempt to build up any classification on 
them. He remarked on the great length of the spines in some small species and the short spines 
in some of the largest forms. 

The spine roots extend through the interarea of the pedicle valve sometimes at a sharp 
angle to the externally projecting spine, though the angle varies in spines of one specimen. 
In some species the roots appear to be curved and not geniculated, while other spines simply 
extend straight through the interarea. The spine roots are not as a rule parallel, but slope at 
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varying angles to the hinge. In decorticated interareas of some of the large chonetoids such as 
Delepinea, the roots appear as rows of parallel incisions (PI. 14, fig. 4). In species of Devono- 
chonetes the spines often appear as small triangular projections which lack the normal genicu- 
lated spine roots. The spines normally are hollow and their inner rounded apertures can be 
seen in the interior of the pedicle valve near the anterior margin of the interarea. ‘This suggests 
that they were live spines throughout the life of the animal and filled by outgrowths of mantle. 
The spines may have been closed at their external tip. Some spines show distinct lines of 
growth. 

Both valves of most chonetoids, whether costate or smooth, bear small oval or elongate- 
trigonal perforations (Pl. 12, fig. 8, Pl. 16, fig. 6). These represent the base of small hollow 
spinules which were very fine and delicate and are rarely preserved in place. Examples examined 
were usually detached from the shell and preserved in the surrounding matrix. ‘These were 
less than one millimetre in diameter, and a few millimetres in length, and those zm sztu extended 
along or at a low angle to the shell surface. They spring from the summit of the capillae or 
costellae and not from the intercostal sulci, but they were also observed in smooth forms, such 
as Tornquistia polita (McCoy). They are more numerous in Carboniferous and Permian than 
in Silurian or Devonian species, and the infilling of their apertures by matrix renders them 
clearly visible as in Rugosochonetes hindi sp. nov. (Pl. 6, figs. 1a, b, 2a, 6, 3a, 4a). In some 
Pennsylvanian species as many as five spinule bases were observed along a single capilla. 
These spinules penetrate the outer but not the inner shell layers and when first formed at the 
shell margin each spinule would be filled by a small outgrowth of mantle and in communica- 
tion with the shell interior. Their inner apertures, as in the case of most productoid body 
spines, became covered up by later internal fibrous shell deposits. 

These spinule apertures have been observed by a number of authors. Davidson (1884: 
280, pl. 20, fig. 21) figured them in Chonetes laguessianus from the Carboniferous of Capel 
Rig, East Kilbride, Scotland. Dunbar & Condra (1932: 136, 137) gave a good description of 
the spinule bases in Pennsylvanian chonetoids where they are especially numerous and well 
preserved. Sarycheva & Sokolskaja (1952: 61, text-fig. 76) showed them in a diagrammatic 
enlargement of costae and sulci of Moscow Basin forms. 

The radial ornament consists of longitudinal ridges separated by intercostal sulci. When 
there are fewer than 18 of these ridges in a breadth of 10 mm., the ridges are here referred to 
as costae; when there are between 18-25 costae in 10 mm., they are entitled costellae; when 
there are more than 25 radial ridges in 10 mm., they are termed capillae. ‘The term capillae 
has been used to replace striae since the latter are incisions and not ridges. 

Increase in the number of costellae or capillae is by means of bifurcation of existing costellae 
or by intercalation of new ones. In some species of Protochonetes bifurcation occurs on one 
valve and intercalation of costellae on the other. The primary costellae and capillae normally 
extend from the hinge and apparently correspond in position with the spine bases. In Plico- 
chonetes the costellae may remain simple or without bifurcation. 

Most chonetids are costellate or capillate, though a number of smooth forms do occur, 
some of which have been derived from the costellate or capillate forms. Alternatively traces 
of capillae may be seen anteriorly in some smooth forms. Loss of radial ornament on the anterior 
half or third of the shell was observed in some species of Chonetes and Rugosochonetes, and was 


usually accompanied by a crowding of growth-lines. The ears may be smooth and the remainder 
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of the valve capillate or costellate. In Semenewia both valves bear prominent concentric rugae 

but no radial ornament. In Chonostrophia finer capillae may be inserted between slightly 

coarser ones as in some strophomenoids, or additional ornament of very fine capillae or striae 
may be developed over the costellae. Waagenites is costellate and with its prominent median 
fold and sulcus has a spiriferoid shell outline. 

A median fold in the brachial valve and a corresponding sulcus in the pedicle valve is 
developed in some species, more especially in the Upper Palaeozoic. In Chonetina, Chonetinella 
and Waagenities the ventral sinus is well developed, while in Mesolobus a fold is developed in 
the centre of the original ventral sulcus, and a sulcus in the centre of the dorsal fold. This 
folding of the shell probably served, as in other genera, for the channelling of internal food 
currents. 

Unlike the Productoidea a thread-like pedicle was present in the early growth-stages of at 
least the older species of chonetoids and a pedicle opening or tube is sometimes preserved in 
young shells. As in strophomenoids the opening. lies outside the delthyrium on the ventral 
side of the umbo as described by Raymond (1904)) in silicified specimens of stropheodontids, 
in Leptaena by Beecher (1892) and Arber (1939, 1940), and in Plectodonta (Plectambonitidae) 
by Kozlowski (1929). In adult specimens of Stropheodonta inaequistriata (Conrad) according 
to Raymond the delthyrium is entirely covered by the pseudodeltidium and the pedicle 
opening is forced back into the beak, but in a young specimen, 7 mm. long and 11-8 mm. 
wide, the pseudodeltidium is continued into a short exsert pedicle tube with an aperture of 
0-05 mm. in diameter. Traces of the pedicle pipe poorly preserved were seen in specimens 
from a grey slab of Wenlock Shale, Dudley (B.M., 69758) and probably identifiable as Stropho- 
chonetes cingulatus (Lindstrém). 

In silicified specimens of Chonetes coronatus and C. scitulus Hall from the Middle Devonian, 
Hamilton group of Canandaigua Lake, New York State, no pedicle opening was observed 
by Raymond (19046: 110), but it was preserved in one or two adult specimens of C. robustus 
Raymond (1905: 110) from the same locality and horizon. 

The foramen is always minute, and is sometimes at the end of a small erect pipe which in 
early growth stages enclosed the thread-like pedicle. ‘The pipe or foramen is always situated 
ventrally and outside the delthyrium, though it may sometimes abut against the pseudo- 
deltidium. A functional pedicle was probably developed only in very early growth stages, and 
so far has only been observed in well-preserved Silurian and Devonian species. 


INTERNAL MORPHOLOGY 
PEDICLE VALVE 


On the internal face of the pedicle valve the interarea is divided by the triangular delthyrium. 
This may be partly closed by a pseudodeltidium, a single plate usually rounded V-shaped, or 
by posterior callus thickening. The anterior part of the delthyrium is usually occupied by the 
external face of the cardinal process but not, of course, in place when the valves are separated. 
The pseudodeltidium varies considerably in size and development in different species, some- 
times being reduced to a narrow sickle-shaped plate, in other forms being much elongated in a 
narrow delthyrium where the external face of the cardinal process is of small size. 





INTERNAL MORPHOLOGY II 
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Fig. 2. A. Diagrammatic representation of internal cast of pedicle valve of 
Rugosochoretes hindi sp. nov. x 43, showing slit representing median septum, s.; 
adductor scars, ad. ; diductor scars, did.; hinge teeth, ht.; pseudopunctae(taleolae), 
p.; vascular trunks, vt. (see PI. 6, fig. 7). B. Diagram showing maximum width of 
shell along hinge, CD; chilidium, ch.; cardinal process, external face, cp.; growth 
lamellae, g.; interareas, ia.; pseudodeltidium, pd. C. Diagram to show maximum 
thickness of shell along EF at right angles to AB and CD of fig. 2B. 


Two hinge teeth of varying size and shape are developed as two bosses, one on each side 
of the antero-lateral margin of the delthyrium. They are usually laterally elongated and may be 
longitudinally or transversely grooved, or a sulcus may separate the tooth from the anterior 
edge of the interarea. These grooves articulate with the inner or outer ridges bounding the 
hinge sockets. In Daviesiella the teeth are trigonal in outline with an anterior pit which assists 
in articulation. Eodevonaria has reduced teeth and sockets and a denticulate hinge in each valve. 
Dental lamellae are normally absent, but may be represented in some genera by ridges diverg- 
ing from the umbo and extending as a raised rim along the outer margin of the diductor scars, 
for example in Chonostrophia and Neochonetes. 

A median septum is almost invariably developed in the pedicle valve and usually extends 
about one-quarter or one-third of the length of the valve. In Chonetes s. str. it extends half or 
three-quarters the valve length. Posteriorly the septum is sometimes enlarged and thickened 
by callus, as in Delepinea or it may be medianly sulcate or bifurcate as in Protochonetes. In 
some genera it becomes more prominent and knife-like anteriorly, as in Dyoros, or it is con- 
tinued as a low ridge. Two lateral ridges more or less parallel to the median septum are de- 
veloped in some species of Neochonetes gen. nov. In Notanoplia there are a number of diverging 
plates similar to those in the brachial valve. 

The musculature of both valves is described on p. 15. 
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BRACHIAL VALVE 


In the brachial valve the inner face of the cardinal process is short, usually flattened and often 
bilobate, or quadrilobate. Rarely it is a more prominent and trilobed boss as in Devonochonetes 
and Notiochonetes. In the latter genus the process is inclined ventrally. ‘The external face of 
the process is triangular in outline or truncated-trigonal in outline, tapering anteriorly, 
and bilobed or quadrilobed. Exceptionally it may have five or six lobes (PI. 4, fig. 11). “Chonetes’ 
falklandicus Morris & Sharpe has a prominent bilobed cardinal process developed as a continua- 
tion of the curved inner socket ridges and projecting ventrally. Anterior to the cardinal process 
there is a small thin vertical plate in the position normally occupied by the alveolus (B.M., 
B.60284). The median septum is posteriorly broad and rather flat and is in contact with the 
narrow vertical plate. The chilidium, as a small trigonal plate, may be fused with the base of 
the external face of the cardinal process as in Daviesiella and Delepinea. In some genera two 
separate chilidial plates are developed, and are fused with the lateral margins of the external 
face and are almost indistinguishable from the cardinal process. This is well seen in Reti- 
chonetes. 

The cardinal process is often separated from the median septum by a circular pit or alveo- 
lus (‘Text-fig. 3a). The function of the alveolus is uncertain, it may have served as a muscle 
pit for the attachment possibly of pedicle or accessory diductor muscles, or in early growth- 
stages it may have been an open passage or visceral foramen. Hall & Clarke (1892) claimed that 
a visceral foramen was present in many Palaeozoic genera. A similar pit or alveolus is present 
in the productellids, and rarely the pit has an external opening at the base of the conjoined 
lobes of the cardinal process. In some genera such as Longispina and Devonochonetes the septum 
is in direct contact with the cardinal process. It varies in length from one-quarter to one-third 
of the shell length to half or two-thirds shell length, but is fairly constant in a single 
species. The median septum may be a low ridge or a prominent knife-edge, the latter sometimes 
being fimbriate, as in Dyoros. A median septum is often lacking in Plicochonetes and in Chono- 
strophia. 

In Chonetes s. str. there is no prominent median septum but three or more fine septa radiate 
out from the alveolus, the number differing in different specimens. In some species of this 
genus there are two long slightly diverging septa, anda short, weak median septum. In Chonetes 
falklandicus Morris & Sharpe from the Lower Devonian of the Falkland Islands, there is a 
broad, rather flat median septum, two short lateral septa and two long accessory septa situated 
between the median septum and the lateral septa. 

In Tornquistia and Anoplia there are two septa diverging from one another at an angle of 
about 20°, but Anoplia has two additional laterally placed septa and long curved socket 
ridges. Anopliopsis has a number of diverging plates and a median sulcus replacing the median 
septum. In Chonetina there are also a number of diverging plates formed of internal papillae. 
Airtonia has ridge-like plates developed over the anterior part of the brachial valve, each about 
2 mm. high. 

In Rugosochonetes, Protochonetes and most other genera there are two septa laterally placed 
from the median septum, often referred to by other authors as brachiophores but referred to 
here as lateral septa. These septa may be fused posteriorly with the median septum and the 
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Fig. 3. Neochonetes pratti (T. Davidson). A. Interior of brachial valve showing 
alveolus, a.; anterior adductor scars, aad.; brachial ridges, br.; cardinal process, 
cp.; endospines, e.; hinge, h.; hinge socket, hs.; lateral septa, /s.; posterior ad- 
ductor scar, pad.; socket-ridge, sr.; other lettering as for fig. 3B. BM. BB.41113. 
B. Diagrammatic representation of interior of pedicle valve showing adductor 
muscle scars, ad.; anterior region of shell, ant.; diductor muscle scars, did.; hinge 
teeth, At.; interarea, ia.; internal spine opening, 0.; pustule, p.; posterior region 
of shell, pos.; umbo of pedicle valve, pu.; septum, s.; hinge spine, sp.; vascular 
trunk, vt. BM. BB.q1111. 
C. Posterior view of hinge of same brachial valve showing hinge sockets ; lettering 
as for fig. 3A. 

All Lower Permian, Irwin River, Western Australia. x 23. (see Pl. 11, 


figs. 7, 8). ; 
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cardinal process, but are more often detached and diverge from one another and the septum 
at an angle of 45° or 60°. Anteriorly they may be prominent and probably served as brachio- 
phores, i.e. were the site of attachment of the two spiral coils of the lophophore. Traces of 
brachial ridges are usually preserved in Pennsylvanian and Permian genera as in Lissochonetes 
and Neochonetes. 'They are seldom distinguishable in Silurian and Devonian forms. In Airtonia 
the ridges are lateral and discontinuous and in Daviesiella crook-shaped and extending anteri- 
orly. As in the productoids they take the form of curved hook-shaped ridges formed of 
numerous papillae and they may extend to within a short distance of the anterior margin as in 
Chonetinella and Neochonetes. These ridges may have served as lophophore supports of the 
brachial coils which may have actually been attached to them. 

The cardinal process is in contact laterally with the ridges bounding the hinge sockets 
along their anterior margin. These inner socket ridges have been referred to by various authors 
as crura, dental lamellae and socket plates. They are certainly not brachial supports and prob- 
ably served to strengthen the shell or articulate with a corresponding sulcus in the pedicle 
valve. 

The inner socket ridges may extend parallel to the hinge or be concave to it, or be curved 
away from it as in Kodevonaria and Chonetes s. str. In some genera such as Chonetes s. str. 
the posterior valve margin may be thickened to form a small ridge which bounds the socket 
on the outer or posterior side. In Megachonetes the sockets are shallow and bounded on both 
sides by a raised rim. The sockets are rarely crenulated but are striated in specimens of Chonetes 
sarcinulatus (Schloth.). ‘They may be bounded laterally by a rounded boss, suggestive of the 
fulchral plates of Orthids. This was observed in some specimens of Mesolobus. 

The internal surface of both valves is more or less covered with papillae often in radial 
rows. ‘These are the inner projecting ends of the endospines (see Shell Structure, p. 16). 
They may be very fine near the anterior margin or be of coarser size more posteriorly. In some 
genera they are closely aligned and fuse to form internal ridges or septa, for example in Chone- 
tina and Azrtonia. In weathered shells the radial rows of papillae may appear as radial ornament 
on the external surface in normally smooth shells. The papillae are often numerous along the 
brachial ridges which may become much thickened. 

Vascular markings are usually not preserved in either valve, but they were observed in 
well-preserved internal moulds of the pedicle valve of Rugosochonetes hindi sp. nov. from the 
Namurian, Homoceras age, Hudsonoceras proteum zone, Congleton Edge, Cheshire (B.M., 
BB.20424; Pl. 6, fig. 7; ‘Text-fig. 2a). In this species the vascular markings appeared as two 
main trunks extending anteriorly from the junction of the anterior and posterior adductor 
scars. They leave a very faint imprint on the inner shell surface unlike the strophomenoids 
and orthoids. They were not observed in the productoids. 


ARTICULATION OF VALVES 


Articulation is effected by means of hinge teeth and sockets, in addition to adductor and 
diductor muscles. 

In Eodevonaria each valve has a denticulate hinge margin, and each denticle or tooth fits 
into a corresponding depression between the denticles of the opposite valve. Teeth and sockets 
in this genus are correspondingly reduced as in the stropheodontids. This experiment in the 
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chonetids is so far only known to occur in one genus, and its relation to the rest of the chonetids 
is uncertain. It may have been derived from the Ordovician and Silurian plectambonitid 
genus Plectodonta in which the hinge is also denticulate, but no intermediate Silurian chonetid 
link is known. 

Accessory articulation is seen in the genus Daviestella in which there is a pit anterior to 
each tooth which probably united with the socket ridges of the brachial valve. 

The socket ridges which are sometimes very conspicuous probably articulated with a 
similarly placed sulcus in the pedicle valve. In some species of Retichonetes the ventral inter- 
area in worn specimens is longitudinally ridged and articulates with the narrower dorsal 
interarea. The papillae near the hinge may be arranged in definite straight or curved rows and 
apparently assisted in articulation. 

Owing to the poor state of preservation of most of the specimens, many of which are only 
detached valves, it was not possible to examine internal structure of many species by means of 
serial sections, except of Megachonetes siblyi (Thomas), Neochonetes ‘granulifer’ (Owen) and 
Rugosochonetes celticus sp. nov. ‘These appear as Text-figs. 22, 23 and 24. 


MUSCULATURE OF PEDICLE AND BRACHIAL VALVE 


The musculature in the chonetoids consists of adductors (closing muscles) and diductors 
(opening muscles). No pedicle muscle scars have been distinguished. 

In the pedicle valve the adductor scars are medianly placed and separated by the median 
septum. They are usually elongate-oval in outline and smooth, and may be divisible into 
anterior (inner) and posterior (outer) adductor scars, but are more often very obscure. 

The pear-shaped diductor scars are considerably larger than the adductors and are usually 
in contact with the adductors along their inner margins. In some genera the scars occupy a 
large part of the pedicle valve and are longitudinally ridged or furrowed. A ridge may extend 
along the posterior part of the outer margin reminiscent of the strophomenoids. This is well 
seen in Neochonetes (Pl. 10, figs. 8, 13). 

In the brachial valve the adductors are usually obscure and smooth, but posterior and 
anterior scars may be distinguished in some species and these are separated by the lateral 
septa. In Rugosochonetes the anterior scars are set between the lateral septa and median septum, 
while the posterior scars are placed on the outer side of the lateral septa. 

The diductor muscles are attached to the cardinal process, and usually to the transversely 
ridged furrows in the external triangular bilobate or quadrilobate face. The great develop- 
ment of this face often at right angles to the short internal lobate face is probably to provide a 
good attachment surface for the diductors. 

In Daviesiella, however, the adductors are highly dendritic in both valves and the muscle 
was presumably separated into a number of separate strands as in the productoids, and some 
recent terebratulids, probably giving a firmer attachment to the inner shell surface. The 
muscle scars in the ventral valve of Daviesiella vary slightly in outline and position according 
to the age and thickness of the individual shell (PI. 13, figs. 2, 4, 5; Text-fig. 19a). In gerontic 
specimens the shell cavity becomes much filled up with secondary deposits associated with 
thickening of the shell, and the median septum may become almost entirely obscured. The 
decrease in size of the shell cavity tends to crowd the muscle scars together. The adductor 
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scars may lie on the shell floor or they may be partly on the floor and partly or wholly on the 
surface of the massive septum. The posterior adductors are usually coarsely dendritic, the 
scars being elongated, but at their anterior end lie more or less rounded scars with subparallel 
transverse ridging. They are separated medianly by a low myophragm or septum, which in 
some specimens is seen to be a continuation of the median septum. ‘These accessory or anterior 
scars are always more or less clearly defined and separated from the laterally placed diductor 
scars, by low rounded secondary ridges, one on each side of the median septum. The diductors 
are longitudinally grooved and ridged, the ridging often forming a close even ornament 
resembling close venation, and especially noticeable in the related genus Delepinea (Pl. 14, 
fig. 2; Text-fig. 20B). The diductors taper posteriorly and expand rather rapidly to form a 
broad pear-shaped scar, part of which tends to swing forward medianly in a rounded lobe. 
This was especially well seen in specimens of Delepinea destinezi (Vaughan) from N.W. 
Ireland (Pl 14, fig. 7). The ridging on the anterior part of the diductors may become more 
laterally inclined. This diductor lobe is quite separate and distinct from the rounded and de- 
tached accessory adductors which are often clearly separated from the diductors by a definite 
furrow. The accessory scars may be elongate-oval or trigonal in outline, especially in Daviesiella 
derbiensis Cope, but as a rule they are subrounded and transversely marked in Daviesiella 
and in Delepinea. 

Cope (1940) who studied the musculature in Daviesiella considered that the two nearly 
circular muscle scars were once part of the diductors and later became separated, while 
Waagen (1884) thought that these scars were accessory adductors. These scars form a contrast 
in surface markings both to that of the adductors and diductors. 

Careful examination of all available material appeared to support Waagen’s opinion that these 
scars are accessory adductors. In Daviesiella derbiensis Cope from S2—D1 subzone of Derby- 
shire the diductors converge medianly, but contrary to Cope’s description the accessory 
scars are developed though faintly marked and are more posterior than in D. /langollensis and 
aligned with the adductors. 

In the brachial valve of Daviesiella the adductors are almost as broad as long, posteriorly 
narrowing and curving towards the median septum. The outer anterior adductors are almost 
twice the width of the inner posterior adductor scars. In addition there are detached dendritic 
accessory scars, more anteriorly placed between the brachial ridges and the septum. These are 
assumed to be accessory adductors and they would correspond to the accessory scars in the 
pedicle valve which are also very anteriorly placed. 

Similar rounded accessory adductor scars were observed in the brachial valve of Mega- 
chonetes siblyi (1. Thomas) (PI. 12, fig. 7). In Delepinea carinata (Garwood) there are two pairs 
of adductor scars as well as accessory adductors. 


SHELL STRUCTURE 


The shell in the Chonetoidea consists of an external lamellar layer, often thin, and a thicker 
inner fibrous pseudopunctate layer, which as in the Productoidea and Strophomenoidea 
has non-fibrous calcareous rods (formerly called spicules) extending at an angle to the fibres. 
The detailed structure of the chonetoid shell is still imperfectly known and requires much 
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further study. It is hoped to publish a more detailed account of pseudopunctate shell structure 
jointly with Prof. Alwyn Williams at some later date. 

The narrow ventral interarea in Daviesiella is formed of successive horizontal lamellar 
layers, piled up like leaves of a book, and sharply deflected anteriorly at the lateral margin 
of the delthyrium. In this genus with its much thickened pedicle valve the shell structure 
differs from that of other chonetids and appears to be granular, at least in part, rather than 
fibrous. 

In slightly weathered capillate or costellate specimens (especially well seen in Mega- 
chonetes) the intercostal sulci bear longitudinal rows of pits simulating true punctae (PI. 16, 
fig. 9). The pits are, however, found to be related to papillae which are often radially 
arranged on the interior of the valves, and to non-fibrous calcareous rods which extend at a 
high angle to the fibrous layers deposited round or across them. Dunbar & Condra (1932: 
135) compare this to layers of snow covering a number of closely placed stumps, and submerging 
the smaller stumps but extending round the larger ones. Some rods are submerged in the 
fibrous layers, others appear on the inner shell surface of the two valves as papillae, as rounded 
asperities or as small spines (endospines) (PI. 16, figs. 1-4). 

Weathering of the shell dissolves away the rods leaving a rounded cavity or pit. In chone- 
toids the rods are as a rule medianly hollow (PI. 16, figs. 3, 4). These rods are probably the 
same as taleolae, but the relation of the endospines to the pseudopunctae or taleolae is still 
uncertain. The taleolae may be of more than one diameter and some appear to be very much 
finer than others and may account for the finer pseudopunctae that are seen in weathered 
specimens of Megachonetes. Pseudopunctate shell structure in Strophomenoidea and Produc- 
toidea was discussed by Williams (1956), and he introduced the term taleolae for these rods 
of granular calcite, formerly termed spicules, which penetrate the fibrous layer. These were 
thought by Carpenter (1851) to be infillings of punctae that originally contained caecae or 
outgrowths of the mantle. Kozlowski (1929) clearly showed that the pseudopunctae [taleolae] 
were always composed of the same granular calcite and that they were secreted at the same 
time as the shell layer containing them. 

Dunbar & Condra (1932) also maintained that the productoid shell is not punctate but 
pseudopunctate. Williams from his own studies of the Strophomenoidea upheld Kozlowski’s 
views, and maintained that the taleolae are cleaved cylinders of granular calcite ‘extending 
from an expanded circular base just below the inner surface of the primary layer to emerge 
at the inner surface of the secondary layer as a series of tubercles . . .’. In cross section the 
taleolae in strophomenoids are said to consist of two or more layers of calcite concentric to a 
central calcified axis which exceptionally may be represented by a superficial indentation at 
the tuberculate end. The fibres of the fibrous layer adjacent to the taleolae are sharply reflexed 
inwards. Williams (1956: 252) refers to the internal spines or endospines as being formed in 
the same way as the taleolae, but he does not state whether the pseudopunctae of the chone- 
toids are actually taleolae. | 

The external spines which in chonetoids only occur along the ventral interarea are said 
to be hollow outgrowths containing what Williams calls “disjunct portions of the tip of the 
outer mantle lobe with generative columnar epithelium occupying the ends of the spines and 
capable of proliferation of secretory cuboidal epithelium independent of the mantle edge. 
In this event a chitinous pad secreted by the columnar epithelium acted as a cementing medium 
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_. and the length attained by the spine was controlled by the activity of the epithelium just 
behind the tip... .’ 

Quite distinct from the external spines, the endospines or internal spines, and the taleolae 
or pseudopunctae, are the external spinules which are set on the summit of the costae or 
capillae in both valves and are usually seen as elongate-oval apertures representing the 
spinule bases (Pl. 12, fig. 8; Pl. 16, fig. 6). These were in open connection with the internal 
shell cavity at the anterior margin when first formed, but their inner aperture was soon sealed 
off by shell deposits on the interior of the valve. 

These spinule apertures on the capillae are shown by Davidson (1861, pl. 46, fig. 50; 
1863, pl. 55, figs. 12a, b) in a specimen of Chonetes papilionacea [ = Megachonetes] from the 
Lower Carboniferous of Settle, Yorkshire. On a decorticated part of the same shell Davidson 
shows what he described as pits left on the cast by the asperities which covered the inner sur- 
face of the shell. The pores which appear to be arranged in radial rows along the sulci represent, 
as Davidson indicates, rods of non-fibrous calcite. 

Paeckelmann (1930) did not publish any thin sections or give any detailed description of 
the shell structure in his description of the German Lower Carboniferous chonetids. He 
showed several sections through the shell of orthids and orthotetids, and taleolae are 
shown in the genus Schuchertella, and papillae with a central cavity in the shell interior of 
Leptaena. According to Paeckelmann the shell consists of three layers, a thin outer calcareous 
or calcified epidermis, a median layer of variable thickness and an inner prismatic layer which 
is seldom preserved. The shell is thought to be punctate and the punctae are said to originate 
in the papillae, but they do not pass through the outer layer. ‘The pores are said to be arranged 
in radial rows on the costae or on their flanks and are visible from the exterior only when the 
shell is weathered. 

Veevers (1959a) in discussing shell structure of Productella aculeata (Murch.) from the 
Upper Devonian of Ferques, Boulonnais, stated that in this genus the thin outer layer is 
cryptocrystalline and that it extends evenly over the inner layer parallel to the growth laminae, 
except in the vicinity of spines when the outer layer is forced outwards without increase of 
thickness to form the hollow spine. The median septum is said to consist of a core of crypto- 
crystalline material with a thin covering of the inner layer. Taleolae were found to be rare in 
P. subaculeata and in P. occidua Veevers from the Upper Devonian, Frasnian, of N.W. Australia 
(Veevers, 1959). Veevers suggested that the pseudopunctate condition was in an incipient 
stage of development in these early productoids. 

In Leptaena from the Upper Devonian of Western Australia, Veevers (19596) stated that 
except in the region of muscle attachment the shell is composed of finely fibrous material 
locally enclosing taleolae. These are said to be concentrated in the pedicle valve but do not 
occur in the teeth or dental plates. In the brachial valve the taleolae are said to be concen- 
trated around the muscle platform and to form the centres of tiny papillae on the interior 
valve floor. In Schuchertella dromeda Veevers (1959b) taleolae are said to be absent as in the 
species of the genus observed by A. Williams (1956). 

In Devonoproductus from the Upper Devonian of Western Australia, Veevers (19596) 
states that rather massive, widely spaced, taleolae are seen in more anterior transverse sections 
of the dorsal valve. Their long axes are at right angles to the internal shell surface on which the 
taleolae appear as papillae. In Plicochonetes from the same region taleolae were found to be 
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numerous in the anterior half of the shell, and to form the core of the ridges bounding the 
muscle scars. 

The Termiers (1950, pl. 85, fig. 6) figured (x 13) a thin slice of the shell of Daviestella 
[= Delepinea] comoides at right angles to the shell surface, which shows the fibrous layers 
extending more or less parallel to the shell surface and traversed by rather numerous very 
fine taleolae, either at right angles to the fibrous layers or at a low angle to them. In addition 
there are coarser bodies, probably endospines, which extend for a short distance more or less 
at right angles to the fibrous layers and cause a successive arching up of these layers as de- 
scribed by Dunbar & Condra (1932). Some are then submerged in the fibrous layer, while 
others appear on the inner surface as prominent pustules. The fine taleolae in this section 
appear in the outer fibrous layers only. 

Cvancara (1958) discussing the shell structure of Lower Carboniferous Leptagonia (former- 
ly Leptaena but genus now restricted to Lower Palaeozoic) from New South Wales stated that 
taleolae in the pedicle valve appeared to be confined to two broadly suboval lobes antero- 
lateral to the spondylium which supports the adductor platform. In the brachial valve taleolae 
were mainly restricted to two areas on each side of the muscle platform where they are coarse, 
but they become finer and more oblique laterally and anteriorly. 

In Pustula abbotti larga Cvancara from New South Wales taleolae are said to occur in 
irregular rows corresponding to the external concentric bands. These taleolae extend laterally 
and anteriorly at a low oblique angle and are more pronounced in the median anterior portion 
of the valve. 

In Chonetes gloucesterensis Cvancara taleolae in the pedicle valve are said to be radially 
arranged, each row marking the position of an external furrow, and are said to be more 
dominant marginally, subdued on the central part of the valve and largest on the lateral slopes 
where they are normal to the plane of the valve. They are inclined marginally along the shell 
margins. In the brachial valve the taleolae were more concentrated centrally and decreased 
in size and extent laterally and anteriorly, and were absent from the postero-lateral slopes. 
In Plicochonetes sexfidus Cvancara also from the Lower Carboniferous of New South Wales, 
the taleolae are also said to be arranged in radial rows corresponding to the external furrows. 
They are produced into endospines marginally and become coarser laterally to the diductor 
field. Taleolae in the brachial valve are coarsest and most pronounced in the middle portion 
of the valve and diminish marginally, but endospines are said to be well defined. 

From the above descriptions it would appear that there is much still to be learned about 
pseudopunctae, taleolae and internal pustules and endospines and their relation to one another, 


and their secretion by the mantle. 


TERMINOLOGY 


Accessory septa Two septa in brachial valve situated between the median septum and 


(Pl. 8, figs. 8, 11) the lateral septa in some genera. 
Adductor muscle scars Muscles serving to close valves and forming two or four scars of attach- 
(Text-figs. 3A, B) ment in each valve, centrally or posteriorly located on each side of the 


median septum. 
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Adductor scars (accessory) 
(Pl. 13, figs. 2, 4, 5. Text-figs. 19A, 20B) 


Alveolus 


(Text-figs. 3a; 4A, 15A) 


Angle of spines 
(Text-fig. gc) 
Bifurcation 
(Pl. 10, figs. 1a—c) 
Brachial bases 


Brachial ridges 
(Text-fig. 3) 
Brachial valve 
(Text-fig. 3a) 
Breviseptum 
(Pl. 12, fig. 1a) 
Capillae 


Chilidial plates 
(Pl. 6, figs. 8, 9) 
Chilidium 
(Pl. 13, fig. 3) 


Costa, costae 
(Pl. 15, figs. 1, 2, 4) 


Costella, costellae 


Delthyrium 
(Pl. 2, fig. 1c) 


Dendritic 

(Pl. 13, figs. 2, 60) 
Diductor muscle scars 

(Text-fig. 3B) 
Dorsal valve 

(Text-fig. 3) 
Endospines 

(Text-fig. 3A) 
Fibrous layer 

(Pl. 16, figs. 1-4) 
Fold 

(Pl. 9, figs. 1, 3, 5, 6) 
Hinge 

(Text-fig. 2B) 
Hinge sockets 

(Text-figs. 3a, c) 


Two subcircular muscle scars in the genera Daviesiella, Delepinea and 
Megachonetes, interpreted by Waagen (1884) as adductors, and by Cope 
(1940) as diductors. 

Circular pit in some species at base of cardinal process separating it 
from median septum, and interpreted as a visceral foramen in early 
growth stages or as serving as a muscle pit. 

Angle formed by external hinge spines with the hinge line or interarea. 


Forking of capillae or costellae. 


Term used by Imbrie (1959) for low ridge-like structure at base of 
cardinal process and thought by him to be homologous with orthoid 
brachiophores. A comparable structure was observed in Notiochonetes 
but was not interpreted as a brachiophore. 

Curved ridges extending from the adductor muscle scars and possibly the 
region of attachment of the lophophore. 

Also known as the dorsal valve. 


Septum not supporting cardinal process and sometimes anteriorly placed. 


Fine radial ridges. More than 25 in 10 mm. (External ornament of most 
chonetid species) 

Two narrow diverging plates fused anteriorly and sometimes developed 
along lateral margins of external face of cardinal process. 

Trigonal or subtrigonal plate developed in chonetoids at base of external 
face of cardinal process, and partly closing the notothyrium. Sometimes 
replaced by chilidial plates. 

Radial ridges on exterior of shell, broader than costellae. Fewer than 15 
in 10 mm. 

Radial ridges intermediate in width between capillae and costae. From 
15-25 in 10 mm. 

Triangular opening in interarea of pedicle valve not serving for the 
passage of a pedicle, and partly closed by pseudodeltidium and partly or 
wholly by exterior face of cardinal process. 

Having a branching and leaf-like pattern. Term used in connection with 
adductor muscle scars. 

The opening muscles attached to the cardinal process in the brachial 
valve and forming large flabellate scars in the pedicle valve. 


The brachial valve. 


Internal spines developed on interior of both valves, usually small 
papillae with central cavity in chonetids. 

The inner shell layers formed of fine fibres often set at an angle to the 
shell surface, and serving to thicken valves. 

An elevation in either valve, often median and corresponding to the 
sulcus in the opposite valve. 


The posterior line of valve junction. 


Hollows on each side of cardinal process serving for reception of hinge 
teeth, and bounded on their anterior margin by inner socket ridges, and 
sometimes by outer ridges along hinge margin. 








Hinge spines 
(Text-fig. 3B) 


Hinge teeth 
(Text-fig. 3B) 
Imbricate 
(Pl. 11, fig. 70) 
Interarea 
(Text-figs. 2B, 3B) 


Intercalation 

(Pl. 10, figs. 1a, c) 
Lamellar layer 

(Pl. 16, fig. 2) 


Lateral septa 
(Text-fig. 34) 


Muscle scars 
(Text-figs. 3A, B) 


Notothyrium 
(Text-fig. 22) 
Papillae 
(Pl. 7, figs. 12-14) 
Pedicle valve 
(Text-fig. 2A) 
Protegulum 
Pseudopunctae 
(Text-fig. 2a) 
Reflexed interarea 
(Pl. 7, fig. 4b; Pl. 9, fig. 16) 


Reticulate 

(Pl. 4, figs. 9, 14) 
Rugae 

(Pl. 2, figs. 5, 6) 
Septum 

(Text-figs. 3A,-B) 
Socket ridges 

(Text-figs. 44, 15A) 


Spine apertures 
(Text-fig. 3B) 
Spinules 
(Pl. 6, figs. 6, 7) 
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Spines developed in row along posterior margin of the ventral interarea 
on either side of the umbo. The roots of the spines extend through 
ventral interarea often at an angle to the external spines. 

Two peg-like projections situated on anterior lateral margin of the 
delthyrium and articulating with sockets in the brachial valve. 


Having ornament consisting of overlapping lamellae. 


Formerly called the cardinal area. Smooth or striated region along 
hinge of each valve bisected by delthyrium in pedicle valve and sometimes 
by notothyrium in brachial valve. 


Costella or capilla inserted between two other capillae or costellae. 
The outer shell layer, usually thin. 


Referred to by some authors as brachiophores. Short diverging ridges 
often anteriorly prominent and separated by, and not as a rule in contact 
with, median septum of brachial valve, and possibly serving for attach- 
ment of the lophophore (= Adductor dividing ridges of Imbrie, 1959). 
Usually ill-defined except in thick-shelled forms. Consist of diductors 
attached to grooves between lobes of cardinal process in brachial valve, 
and forming two rather large scars usually exterior to and embracing 
adductor scars in the pedicle valve. Adductor muscle attachments leave 
2 or 4 scars. j 

Triangular opening in interarea of brachial valve similar to delthyrium 
of pedicle valve. 

Short spine-like projections (endospines) often regularly arranged in the 
interior of both valves. 


Also known as ventral valve. 


First formed chitinous shell, only exceptionally preserved. 


See taleolae. 


Anterior curvature of interarea of brachial valve due to a secondary 
growth along the interarea of the pedicle valve and forcing the umbones 
of the valves apart to permit growth of exterior face of cardinal process. 
Having netlike enlargements formed at point of intersection of rugae or 
growth-lines and radial capillae or costellae. 
Concentric folds, rarely developed ornament in chonetids except in 
Semenewta. 
Median vertical ridge in either valve and sometimes supporting cardinal 
process in brachial valve. 
Referred to by other authors as ‘dental lamellae’ or ‘brachiophores’. 
Ridges extending laterally from cardinal process and often parallel to 
hinge and bounding anterior margin of hinge sockets (= Pro-socket 
ridges of Imbrie, 1959). Outer socket ridges extend along hinge and 
posterior margin of sockets. These occur in Chonetes s. str. but are 
rarely developed in other genera. 
Internal opening of spine bases on interior of pedicle valve just below 
interarea. 
Minute spines of fine diameter and about one to two millimetres in 
length. Rarely preserved im situ. 

¢ 
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Spinule bases, or apertures 


(Pl. 6, figs. 1-4) 


Squamose 
(Pl. 6, figs. 1a, 5) 


Striae 


Sulcus 
(Pl. 9, figs. 10a, 13, 19) 


Supra-apical foramen 
Taleolae 


(Pl. 16, figs. 1-4) 
Ventral valve 


Small oval perforations usually seen on summit of costellae or capillae 
and only penetrating external shell layer. Representing bases of fine 
spinules. 


Having irregular and ragged margins. Often used of the margins of 
concentric lamellae. 


Fine radial depressions or incisions. 


A depression in either valve, often deep and medianly placed, and dividing 
the valve into two parts. A shallow sulcus may separate the ears from the 
venter. 


Pedicle foramen situated outside the delthyrium and often on the ventral 
side of the umbo. 


Non-fibrous calcite rods embedded in the fibrous shell layer. 


The pedicle valve. 








(Text-figs. 2A, 3B) 


ORIGIN AND EVOLUTION 


The ancestor of the chonetoids is still unknown but was probably one of the Plectambonitacea. 
It is possible that they are polyphyletic and that their distinguishing characters, a median 
septum or septa in each valve, the row of spines with roots penetrating the ventral interarea 
and the spinules borne on the capillae were evolved from more than one stock. Chonostrophia 
with its reversed convexity and finer capillae inserted between coarser costellae, and the 
strophomenoid musculature, suggests a strophomenoid ancestor. Devonochonetes appears to 
have spines developed as triangular projections from the hinge and no roots, while some 
species of Anoplia have no external spines but spine roots represented by channels through 
the ventral interarea as in Eochonetes. 

Eodevonaria has a denticulate hinge reminiscent of that of the genus Plectodonta which 
ranges from the Ordovician in the Baltic to the Devonian of Europe, but the other internal 
characters are not comparable. 

Some of the Plectambonitacea have median septa and one or more pairs of lateral ridges, 
a bilobed or trilobed cardinal process and elevated socket ridges, a pseudodeltidium, and a 
chilidium or chilidial plates, but the musculature is of different type, and dental lamellae 
are normally developed. ‘This last character is seen in a few chonetids as a raised rim along the 
margin of the diductor scars as in Chonostrophia. 

Paeckelmann (1930) considered that the chonetids were derived from a strophomenoid 
ancestor but quoted Chao (1928) who thought they were derived from Plectambonites. He 
gave a diagram showing Chonetes s. str. extending from the Silurian up to the top of the Permian 
with Tornquistia given off in the Silurian and ranging through the Permian and giving rise to 
Plicochonetes in the Lower Devonian and Semenewia at the top of the Devonian. Waagenites, 
a Permian genus, is shown by Paeckelmann to be derived from Plicochonetes, while Daviesiella 
is thought to be derived from the Chonetes main stem in the Lower Carboniferous and to range 
up into the Upper Carboniferous. 

More research still requires to be done, larger zonal collections made and internal characters 
of as many species as possible studied, if the relationship of these very numerous and wide- 
spread forms is to be established. 
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In spite of the long range of the Chonetacea from the Upper Ordovician to the Upper 
Permian, and of the superfamily Cadomellacea from ? Trias to the Upper Lias, a period of 
about 210 million years they remain comparatively unchanged and the Permian chonetoids 
are no more specialized or advanced than the Upper Ordovician or Silurian forms. The 
number of spinules per capilla is, however, greatly increased in the later forms, the interareas 
are often better defined and usually reflexed, and there is a greater tendency for the radial 
ornament to become obsolete and the shell to be smooth or lamellose. 

Some of the smooth species appear to be ancestral to capillate forms, while in other stocks 
for example Mesolobus, the earlier forms are capillate and the later ones smooth. 

There is no definite evidence so far about evolution within the suborder, but careful 
zonal collecting and the grouping together of species with similar internal morphology, 
ornament and angle of spines should help to elucidate this problem. ‘The present grouping 
and classification is tentative and will require considerable emendment and the erection of 
more genera or subgenera in the future. 

Waagenites could be derived from Chonetinella by additional lateral plications and then of 
broad plicae on fold and in sulcus. The lateral profile of C. verneuihana (Dunbar & Condra, 
1932, pl. 19, figs. 14a, 16a) is strikingly similar to those of some species of Waagenites. Little 
is known about the internal characters of Waagenites and in the only dorsal valve seen (‘Text- 
fig. 17), there was a low breviseptum comparable to that of some specimens of Chonetinella 
(Pl. 9, fig. 17). 

Chonetina, a Permian genus, could have developed from Notanoplia from the Lower and 
Middle Devonian, or Anopliopsis from the Upper Mississippian, in both of which there are 
internal plates radially arranged from the cardinal process, and no true median septum. 
Airtonia from the Lower Carboniferous also has radiating plates but these are more anteriorly 
placed, and a stout breviseptum and two median septa diverging from the cardinal process are 
also developed (PI. 12, fig. 1a; Text-fig. 218). 

Megachonetes and Delepinea evolved rapidly in the Upper Tournaisian and Lower 
Visean, possibly from early Rugosochonetes. Daviesiella appears to be linked with these 
genera in having the rounded accessory adductor scars, but its massive septum support- 
ing the cardinal process (PI. 13, figs. 6a, 6), is quite unlike the fine septum, alveolus and small 
quadrilobate cardinal process in Delepinea (PI. 14, fig. 5.) The shell structure in these three 
genera also show distinct differences. The remarkable thickening of the pedicle valve in these 
genera is comparable to that of the gigantoproductids which lived unattached with the shell 
so weighted umbonally that the anterior margin of both valves would be held free of mud. 
The Daviesiellidae and gigantoproductids are not, however, thought to be related. 


CLASSIFICATION 
1. HISTORICAL 


Lister (1688, unnumbered plate, fig. 31) published one of the earliest recognizable figures of a 
Chonetes which is described as ‘Pectinites flabelliformis tuberculosa commissura’ and is 
said to come from Llandudno. It can be identified as a specimen of Megachonetes siblyi (Thomas) 
from the Lower Carboniferous Limestone. Dillwyn (1823: 24, in explanation of Lister’s 
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figure, later numbered pl. 473, fig. 31) misidentified it as a productid, and as the flat [brachial] 
valve of Productus latissimus J. Sowerby. 

Specimens of Chonetes were early figured under the names of Pectunculus or Pectunculttes, 
while Ure (1793: 317, pl. 16, figs. 10, 11) figured a Carboniferous species [= Rugosochonetes 
sp.] from Lawrieston, Scotland, as Pecten sp. 

Schlotheim (1820: 256, pl. 29, figs. 3a, b) described and figured a Devonian chonetid 
from Germany as Terebratulites sarcinulatus. The figure is hardly recognizable but the speci- 
men is fortunately preserved in Berlin and has been studied as the holotype of the type species 
of Chonetes s. str. (see p. 36). 

A few years later James Sowerby (1822: 31, pl. 329) figured a large chonetid as Productus 
comoides [now Delepinea], and Dalman (1828: 111, pl. 1, fig. 5) gave a very poor figure of a 
chonetid from the Silurian of Gotland which he described as Orthis striatella [now Proto- 
chonetes}. 

Von Buch (1831, pl. 3, figs. 2, 5) figured as Leptaena lata what is possibly the same species 
as Dalman’s Chonetes striatellus. It occurred in a block of tentaculite limestone from Gotland. 
As Tentaculites was unknown to Von Buch the screw-like shells were considered to be the 
spines of the chonetid, and a remarkable reconstruction showing the tentaculites as hinge 
spines is given in one of Von Buch’s figures (reproduced Muir-Wood, 1955: 27, text-fig. 8). 


2. TYPE SPECIES OF CHONETES 


The generic name Chonetes was first mentioned by Fischer de Waldheim in 1830 (expl. pl. 26). 
The description is vague and indeterminate, while the accompanying figures (pl. 26, figs. 
8, 9) possibly represent a dalmanelloid and not a Chonetes. No species were mentioned. In 
his description (1837) Fisher stated that the fragmentary shell from the Calcaire de Podolsk on 
which his description was based had been mislaid or lost. 

The genus Chonetes was first established by de Koninck (1842: 206) with five species, 
Terebratulites sarcinulatus Schloth., Spirifera papilionacea Phillips and three new species 
C. dalmanianus, C. laguessianus and C. buchianus. Chonetes sarcinulatus was said by de Koninck 
to occur in the Silurian, Devonian and Carboniferous and it was confused with the Silurian 
species C. striatellus (Dalman) and C. latus (Von Buch). 

In his later work de Koninck (1847a@: 207) included Productus [=Chonetes] sarcinulatus 
Von Buch (1841: 25 and 1842: 532), non Schlotheim (1820: 256) or de Verneuil (1845: 
242) in part, in the synonymy of C. variolatus (d’Orb.). This may have caused the confusion 
which prevailed later about the type species of Chonetes. In the same work (p. 212) de Koninck 
stated that C. sarcinulatus (Schloth.) was a Devonian species and came principally from the 
Lower Devonian. No type species was designated by de Koninck. De Verneuil (1845: 241), 
however, designated C. sarcinulatus (Schloth.) as the type species but unfortunately confused 
it with C. striatellus (Dalman), a Silurian species from Gotland, and with C. variolatus 
(d’Orbigny), an Upper Carboniferous or Permian species from S. America. The extremely 
poor description and inadequate figures of C. sarcinulatus given by Schlotheim (1820) probably 
led to difficulty in its identification, though Schlotheim clearly indicated that the species came 
from the brown ironstone [Devonian] in Rammelsberg, near Goslar and from the neighbour- 
hood of Coblenz, Germany. 
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De Verneuil’s type designation and the name Chonetes were generally overlooked, except 
by King (1850: 107), and chonetid species were included in Orthis, Leptaena, Strophomena, 
Productus or Spirifer by various authors. 

Davidson (1853: 113), however, gave the type species correctly as C. sarcinulatus (Schloth.), 
and employed the generic name Chonetes in his descriptions of species which range from Upper 
Ordovician or Lower Silurian to Permian. 

Confusion was caused by subsequent authors who quoted either Orthis striatellus Dalman 
or Leptaena variolata d’Orbigny as type species. 

Dall (1877: 19) after referring the genus to Fischer de Waldheim (1837) stated ‘sole 
example Orthis striatella Fisch. l.c. as of Dalman = Leptaena seu Producta variolata d’Orbigny 
1842 =Chonetes variolata Kon. Mon. Chonetes’. 'This incorrect reference to C. striatellus 
(Dalman) as the sole species mentioned by Fischer de Waldheim and the supposed identity of 
this species with C. variolatus (d’Orbigny) added to the confusion and few authors troubled to 
check the accuracy of Dall’s statement. Dall (1877), Schuchert & Levene (1929: 41), Dunbar 
& Condra (1932: 137) and Cooper (1944: 345) quoted C. variolatus as type species, while 
Hall & Clarke (1892: 305), Schuchert (1897: 172) and Paeckelmann (1930: 137) gave C. 
striatellus (Dalman) as type. Miller (1889: 339), however, gave C. sarcinulatus (Schloth.) as 
type species. 

De Verneuil’s original type designation was quoted by Ramsbottom (1952: 11) and by 
Campbell (1957: 62), and C. sarcinulatus (Schlotheim) is regarded as type species in the present 
work. 


3. SPECIES GROUPS AND GENERA 


De Verneuil (1845: 241) was the first to attempt any grouping of species and he proposed two 
divisions— Striatae’ and ‘Plicosae’ for nine species of Chonetes. The species belonging to the 
‘Striatae’ were subdivided into two groups according to the width of the shell. The first 
group with shells from 8-25 mm. in width included the species sarcinulatus Schloth., dal- 
manianus de Kon., laguessianus de Kon., nanus de Vern. and armatus Bouchard. The second 
group with shells from 50 to 100 mm. in width included the species papilionaceus Phill., and 
comoides Sowerby. The Plicosae included the species buchianus de Kon. and minutus (said to 
be of Goldfuss but actually of Von Buch). The ‘Striatae’ were stated to have about 15 striae 
in 5 mm. at 5 mm. from the umbo, and the ‘Plicosae’ nine striae in 5 mm. The species were 
distinguished from one another by means of a key using length and width of shell, number of 
costae and convexity of shell and height of interarea. No internal characters were mentioned. 

De Koninck (1847: 185) amplified de Verneuil’s classification and proposed five groups— 
‘Concentricae’, ‘Comatae’, ‘Striatae’, ‘Plicosae’ and ‘Rugosae’, based on the shell ornament. 

The group ‘Concentricae’ with concentric ornament, only included the species Chonetes 
concentricus de Kon. (now Semenewia). The ‘Comatae’ with more than 100 smooth costae, 
included seven species, C. papilionaceus (Phill.), [now Megachonetes], C. comordes (J. Sowerby) 
[type species of the genus Delepinea nov.]; C. shumardianus de Kon., C. dalmanianus de Kon., 
C. dilatatus (Roemer) [now Eodevonaria], C. sulcatus (McCoy) and C. laguessianus de Kon. 
[now Rugosochonetes]. The ‘Striatae’ with less than 100 and more than 30 smooth costae, 
included ten species, C. perlatus (McCoy), C. cornutus (J. Hall), C. striatellus (Dalman) 
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[now Protochonetes], C. falklandicus Morris & Sharpe, C. variolatus d’ Orb. [now Neochonetes], 
C. sarcinulatus Schloth. [Chonetes s. str.], C. nanus de Vern., C. crenulatus (Roemer), C. 
setiger (Hall) and C. armatus Bouch. Chant. (now Retichonetes). 

The ‘Plicosae’, with fewer than 30 smooth costae, included two species C. convolutus 
(Phill.), and C. buchianus de Kon. [now Plicochonetes]. The ‘Rugosae’ with rugose costae, 
included three species, C. minutus (Goldfuss, correctly of Von Buch) (= Retichonetes), C. 
elegans de Kon. (= Plicochonetes) and C. tuberculatus (McCoy). 

Davidson (1861: 180) divided the British Carboniferous species into two groups, ‘Striatae’ 
and a new group ‘ Laeves’. The ‘Striatae’ included the species C. comoides (J. Sowerby); papilio- 
naceus Phillips said to be = multidentatus McCoy = papyraceus McCoy; dalmanianus de Kon..; 
hardrensis Phill. said to be synonymous with subminimus = gibberulus= sulcatus = ?volvus = 
perlatus, all of McCoy, and laguessianus de Kon.; C. buchianus de Kon. said to be=C. crassi- 
strius McCoy. 

The group of ‘Laeves’ included only C. politus (now Tornquistia). Two other of McCoy’s 
species C. tuberculatus and C. serratus were listed as uncertain species. C. concentricus de 
Koninck (=Semenewia) with concentric ornament was described in the appendix to the 
Carboniferous volume in 1863. 

Davidson stated that he considered that ‘we shall find the interior details in each of the 
species to be somewhat different, and a character of greater importance even than that of the 
exterior . . . and indeed in so difficult a matter every point both exterior and interior, will 
require to be carefully examined and compared before a correct determination can be arrived 
at’. Davidson also pointed out the difficulty of dealing with species based on a single imperfect 
valve. This is evidently an allusion to a number of McCoy’s species from the Carboniferous 
Limestone of Ireland, which are very imperfectly known. 

Waagen (1884: 615) discussed de Koninck’s classification and stated that only the group 
‘Striatae’ was represented in the Salt Range. Davidson’s group ‘Laeves’ was represented by 
five species, and he introduced a new group ‘Grandicostatae’ for forms with strong high 
costae (now Waagenites). 

The group ‘Laeves’ was subdivided by Waagen into the group of Chonetes politus McCoy 
[now Tornquistia] with Chonetes ambiensis Waagen, and the group of Chonetes geinitzianus 
Waagen [now Lissochonetes], with the species morahensis, aviculus, trapezoidalis and bipartitus, 
all of Waagen. 

The group ‘Striatae’ was divided into three sub-groups: (1) group of C. papzlionaceus Phill. 
[now Megachonetes] with C. squamus Waagen; (2) group of C. variolatus d’Orb. with C. 
strophomenoides Waagen; and (3) group of C. vishnu Salter, with C. compressus Waagen. 

Waagen (1884: 613) described two new chonetid genera, Daviesiella for Productus llan- 
gollensis Dav. and Productus comoides (Sow.), and Chonetella. 'The latter genus has been assigned 
to the Productoidea by Muir-Wood & Cooper (1960). 

The new group ‘Grandicostatae’ had two sub-groups: (1) group of C. austentanus Dav. 
with C. semiovalis and C. ? dichotomus both of Waagen, and (2) group of C. barusiensis Dav. 
with the species C. squamuliferus, C. deplanatus, C. grandicostus and C. aequicostus all of 
Waagen. 

Girty (1908 : 221) in discussing Waagen’s classification stated that the Chonetes from the Per- 
mian of the Guadalupe Mts., New Mexico and Texas, belong to the divisions ‘Striati’ and 
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“Laeves’, C. subliratus belonging to the former, C. permianus and C. hillanus to the latter group. 
He then discussed Permian species of other regions and their relationship to the groups 
‘Striati’ and ‘Laeves’. 

Paeckelmann (1930: 31) regarded the Chonetinae as a subfamily of the Productidae, and 
he emended the subfamily and gave a diagram (p. 51) to show the probable evolution of the 
chonetoid genera. Chonetes s. str. is shown as the central stem, with Tornquistia given off from 
it, Semenewia derived from Tornquistia and Chonetipustula derived from Semenewia. To the 
right of the main stem is the Daviesiella branch, the latter giving rise to Kansuella. Choneti- 
pustula and Kansuella are regarded by Muir-Wood & Cooper (1960) as productoid genera and 
included by them in their joint memoir on the Productoidea. 

In the second part of his work on the Lower Carboniferous brachiopod fauna of Germany, 
Paeckelmann (1931: 214) did not mention a type species for Chonetes, but assigned two genera 
and six subgenera to the Chonetinae. He discussed the earlier classification and groupings of 
species and proposed four divisions: (1) smooth-shelled chonetids, (2) radially costate chonetids, 
(3) radially plicated chonetids, and (4) concentrically folded chonetids. Six groups of species 
of Chonetes were described as subgenera, Semenewia with concentric ornament, Tornquistia 
with shell smooth, Chonetes with radial costation, Daviesiella radially costate but with some 
productid characters, Plicochonetes and Waagenites with radially plicate shells. 

Dunbar & Condra (1932: 133) discussed de Koninck’s classification and stated that any 
grouping of species based on the number of costae was artificial. Eleven genera, previously 
described (Chonetella, Daviesiella, both of Waagen 1884; Chonetina Krotow 1888; Chono- 
strophia and Anopla both of Hall & Clarke 1892; Eodevonaria Breger 1906; Eochonetes Reed 
1917; Tornquistia Paeckelmann 1930 emend.; Plicochonetes, Semenewia, Waagenites, all of 
Paeckelmann 1930) were mentioned, and two new genera Lissochonetes and Mesolobus were 
described. Dunbar & Condra (p. 134) then gave a key to the genera of the Chonetidae based 
almost entirely on shell form and ornament. 

Ivanov & Ivanova (1936: 6, 37) gave an artificial key to the species of Chonetes and Paeckel- 
mannia |= Tornquistia] from the Middle and Upper Carboniferous of the Moscow Basin, 
based on shell ornament, shell outline and dimensions. They rejected the genera Mesolobus 
and Lissochonetes of Dunbar & Condra (1932) and included Chonetes mesolobus in the genus 
Chonetes and smooth forms, such as Chonetes geinitzianus Waagen, in the genus Paeckelmannia 
Licharew (1934). ‘The internal characters are as a rule omitted, hence the confusion of Torn- 
quistia (cited as Paeckelmannia) with Lissochonetes. 

Sokolskaja (1950) described Russian Carboniferous chonetids and proposed two new 
genera Megachonetes and Rugosochonetes. Later Sarycheva & Sokolskaja (1952) gave diagnoses 
of the genera Paeckelmannia [ = Tornquistia], Plicochonetes, Daviesiella, Chonetes, Megachonetes 
and Rugosochonetes, based on size and external shell form and ornament. No type species 
were mentioned. Although Gill (1942, 1945, 1949, 1950a, b, 1951) has written a number of 
papers on the chonetids and described the genus Notanoplia, he has not contributed anything 
of note to their classification. 

The earlier classifications of Chonetes were referred to by Ramsbottom (1952: 11) who 
pointed out the great importance of internal characters in the definition of genera. Torn- 
quistia and Lissochonetes were discussed and a new genus Chonetinella was erected for Penn- 
sylvanian capillate species formerly wrongly assigned to Chonetina. 
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Stehli (1954: 308) in a description of Permian (Leonard) brachiopods from Texas, gave a 
diagnosis of the superfamily Chonetacea, the range of which is said to be from Upper Ordovician 
to Permian. After a general discussion of chonetoid genera and their probable descent from 
the Plectambonitacea, especially the Sowerbyellas, Stehli described two new genera Quadro- 
chonetes and Dyoros, and gave diagnoses of Lissochonetes and Chonetinella. 


4. FAMILY AND SUBORDINAL CLASSIFICATION 


The genus Chonetes together with the genera Productus, Strophalosia and Aulosteges were 
assigned to the family Productidae Gray 1840 by Davidson (1853: 112), who pointed out its 
difference from the Strophomenidae. 

Von Semenow (1854: 345 footnote) considered that Chonetes and Strophalosia were not 
related to the productids but to the strophomenids on account of an articulated hinge. He did 
not consider the presence of spines to be a family character, and thought that Chonetes in 
outer form was as near to Leptaena as to Productus. 

McCoy (1852: 211) regarded Chonetes as a subgenus of Leptaena and placed it in his family 
Orthisidae, while Bronn (1862: 301) erected the family Chonetidae for the genera Chonetes, 
Strophalosia, Orthothrix and Aulosteges. 

The Chonetidae was further defined by Bronn (1862: 302) as having ‘Angel-gelenke noch 
schwach bei doppelter Area und geschlossenem Pseudodeltidium; die kleine Klappe flach 
oder konkav’. The genus Chonetes is defined as ‘Schaale frei, regelmassig; Area niedrig, die 
grosse Klappe mit einer Réhren-Reihe’. 

These definitions were in advance of their time and Bronn clearly distinguished between 
the Chonetidae and Productidae. 

Waagen (1884: 612) independently proposed the subfamily Chonetinae for those forms 
with teeth, an area and pseudodeltidium in the pedicle valve and non-dendritic muscle scars; 
and included the genera Chonetes, Strophalosia and two new genera Chonetella and Dawviesiella. 

Hall & Clarke (1892: 354) ignoring Bronn’s earlier proposed family, erected the Chonetidae 
for the genera Chonetes, Anoplia, Chonetella, Chonetina and Chonostrophia. Schuchert (1897: 
133 and 1913: 389) referred these genera to the subfamily Chonetinae which was assigned to 
the Productidae with the subfamily Productinae. Later Schuchert & Levene (1929) adopted 
the family Chonetidae as distinct from the Productidae. Paeckelmann (1931: 214) assigned 
these genera and the new subgenera described by him, Semenewra, Tornquistia, Plicochonetes 
and Waagenites to the Chonetinae as a subfamily of the Productidae. 

Chao (1928) referred the genera Chonetes, Chonostrophia, Chonetella, Chonetina and 
Daviesiella to the Chonetinae which he maintained as a subfamily of the Productidae. Maillieux 
(1940: 3) introduced the suborder Productoidea for the two families Productidae and Choneti- 
dae, but later (1941: 7, footnote) he stated that it should be regarded as a superfamily only of 
the suborder Strophomenoidea Maillieux (1932). 

Muir-Wood (1955: 72, 90) pointed out that Chonetes is unrelated to the productoids, and 
erected the new suborder Chonetoidea for the superfamily Chonetacea Shrock & ‘Twenhofel 
(1953) and the family Chonetidae, and possibly also for the superfamily Cadomellacea. 

Sarycheva & Sokolskaja (1959) proposed two orders for pseudopunctate forms—Stro- 
phomenida with the superfamilies Orthotetacea, Stropheodontacea, Strophomenacea, 
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Plectambonitacea; and Productida with the superfamilies Chonetacea, Productacea and 
? Oldhaminacea. The Productacea is said to be derived from the Chonetacea and the latter from 
the Plectambonitacea. The superfamilies of Strophomenida are said to be derived from the 
Orthida. 

The order Productida is defined by these authors * as: ‘Pseudopunctate, concave, more 
rarely flat—convex; areas on valves present or absent; ornamentation differentiated, spines 
on surface of one or both valves and along the cardinal area; in the pedicle valve the 
teeth when present are without dental plates; brachidium and all the structures connected 
with it absent; brachial scars present; cardinal process of complicated structure. Silurian to 
Permian.’ 

The relationship of Chonetacea and Productacea was discussed by Muir-Wood & Cooper 
(1960) and the Chonetacea were shown not to be ancestral to the Productacea. ‘They appear 
to be more closely linked to the strophomenoids and the two orders proposed by Sarycheva & 
Sokolskaja will need to be emended when the whole question of ordinal classification is being 
considered in the near future. 


5. HOMOEOMORPHY 


Similarity in external form and ornament with different internal structure occurs in the Chone- 
tacea as in most other brachiopod superfamilies. Daviesiella and Airtonia, both with large 
convex pedicle valve and massive shell may be indistinguishable externally and specimens 
identified as Daviesiella in France and Germany have proved to be Airtonia. The internal 
morphology of the two genera is quite distinct. Among the smaller chonetids where there is 
little variation in shell form and convexity of valves, it is usually difficult to distinguish 
between genera from external characters alone, for example Chonetes s. str. and Protochonetes; 
Anoplia and Tornquistia; Chonetina and Chonetinella. They are, however, distinguishable from 
the differences in the brachial valve interior. Chonetes and Protochonetes are both capillate forms, 
though Chonetes has more prominent growth lamellae and may lose the capillation anteriorly. 
Chonetes is readily distinguished by its three or more fine septa and an alveolus in 
the brachial valve. Protochonetes has a median septum, lateral septa and no alveolus in 
the brachial valve. 

Anoplia and Tornquistia are both smooth forms and rather similar externally but Anoplia 
has no external spines in most of its species. Both have two diverging septa in the brachial 
valve, but Anoplia has two lateral septa and curving denticulate socket ridges in the brachial 
valve. Tornquistia has no lateral ridges, rarely it may have a short median septum and the short 
socket ridges extend along the hinge. 

Chonetina and Chonetinella both have prominent fold and sulcus. Chonetina was originally 
described as having a smooth shell, and to have radiating ridges and no median septum in the 
brachial valve. Chonetinella is externally capillate and has a median septum, two lateral septa 
and an alveolus, together with well-defined brachial ridges in the brachial valve. 

From these three pairs of genera the importance of the internal characters of the brachial 
valve in distinguishing genera will be readily apparent. 


* From an English translation obtained by H. M. Muir-Wood. 
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6. PROPOSED NEW CLASSIFICATION 
SUBORDER CHONETOIDEA Muir-Wood, 1955 


Articulate brachiopods with functional pedicle present in all growth-stages or in early stages 
only, foramen supra-apical and outside delthyrium. Lophophore possibly schizolophous or 
spirolophous. Valves normally concavo-convex except in one genus; spine row along margin 
of pedicle valve interarea; spinules seen usually as fine apertures elsewhere on shell, or spines 
and spinules absent. Shell composed of thin outer lamellar layer and inner fibrous pseudopunc- 
tate layer, endospines often with central cavity and arranged in radial rows, taleolae absent 
in one superfamily. 
RANGE. Upper Ordovician to Upper Lias. 


SUPERFAMILY CHONETACEA Shrock and Twenhofel, 1953* 


Small to large size Chonetoidea with functional pedicle only in early growth-stages, and fora- 
men or pedicle pipe rarely preserved. Interareas in each valve, sometimes reflexed, pseudo- 
deltidium, chilidium or chilidial plates and lobate cardinal process normally present. Brachial 
ridges and vascular markings seen in some genera. Septum in both valves. Lateral septa probably 
functioning as brachiophores. Adductors scars normally smooth, dendritic in one family, 
accessory adductors in some genera. Shell substance pseudopunctate and lamellar. 

RANGE. Upper Ordovician to Upper Permian. 


SUPERFAMILY CADOMELLACEA Muir-Wood, 1955 


Small Chonetoidea with functional pedicle in all growth-stages; foramen supra-apical; inter- 
areas, pseudodeltidium, teeth and sockets present. Vascular markings in each valve; septum 
in brachial valve only. Shell structure fibrous and lamellar. 

RANGE. ? Trias to Upper Lias. 


FAMILY CADOMELLIDAE Muir-Wood, 1955 


Cadomellacea with valves slightly concavo-convex, externally smooth or capillate; spines and 
spinules usually absent. 
The Cadomellacea are dealt with elsewhere. 


SUPERFAMILY CHONETACEA Shrock & 'Twenhofel, 1953* 


The superfamily Chonetacea is here subdivided into four families: Chonetidae, Daviesiellidae, 
Eodevonariidae, and Chonostrophiidae nov., and eleven subfamilies. ‘Twenty-nine genera are 
described, seven of which are new. 


* According to the Rules of Zoological Nomenclature as emended at the 1953 Copenhagen meeting, for the purpose of priority 
a name published for a unit in any category in the family group and based on a particular type genus shall date from its original 
publication for a unit in any category in the family group, and shall retain that priority if that unit is subsequently treated as 
belonging to a higher or lower category in the family group. 

The first author to publish a family name is also assumed to have proposed the corresponding subfamily name, and vice versa. 
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The Chonetidae includes all the smaller normally convex chonetoids. Genera with similar 
internal morphology and external spine angle have been grouped together in subfamilies. 

The Daviesiellidae includes the large capillate chonetoids with thickened pedicle valves. 
The relationship of these forms to the Chonetidae is unknown. Airtonia does not appear to 
be closely related to Daviesiella or to the Delepineinae, and may be derived from one of the 
Anopliinae with internal radiating ridges. Megachonetes may range from the Middle or Upper 
Devonian, Delepinea appears at the top of the Tournaisian or base of the Visean especially 
in the Bristol district, while Daviesiella is so far known only from the Visean. 

The Chonostrophiidae includes one genus, Chonostrophia, with reversed convexity, L.€. 
convex brachial and concave pedicle valve. The internal characters of this genus are im- 
perfectly known, but there is a ventral median septum. The ornament consists of costellae and 
intermediate finer capillae as in many strophomenoids. The Eodevonariidae similarly includes 
one genus, Eodevonaria, and differs from the Chonetidae in the denticulate hinge and reduced 
hinge teeth and sockets. 

The above classification is probably not truly phyletic and will require modification and 
emendment as further study is made of internal characters of chonetoid species. 

It is evident that no classification can be based solely on external ornament, whether smooth, 
lamellose or costellate, since some shells are posteriorly costellate and anteriorly smooth or 
lamellose, or the posterior 2 or 3 mm. and the ears may be smooth and two-thirds of the shell 
radially ornamented. Chonetes s. str. seems to be in the first category, with well-marked anterior 
smooth or lamellose bands. This is well seen in C. semiradiatus (J. de C. Sow.) which is associ- 
ated with Eodevonaria in the Lower Devonian of the Eifel, Germany. 

Mesolobus may be capillate or smooth, the earlier species in the American Pennsylvanian 
being capillate, and the later developed species being smooth. There is still a difference of 
opinion as to whether the type species is a smooth or capillate form. The additional fold and 
sulcus in this genus is also a variable character and not always developed. ‘The classification 
of the chonetoids has therefore been based whenever possible on internal morphology as well 
as on external characters, such as shell form, convexity, size and ornament. 


FAMILY CHONETIDAE Bronn, 1862 


Chonetacea of small to medium size; shell rarely thickened, externally smooth, capillate, 
costellate or lamellose, rarely rugose; spine row and spinules usually developed. Adductor 
scars smooth, no accessory adductors. One or more septa in brachial valve. 

RanGeE. Upper Ordovician to Upper Permian. 

SUBFAMILIES. (1) Chonetinae, (2) Strophochonetinae nov., (3) Devonochonetinae nov., 
(4) Anopliinae nov., (5) Retichonetinae nov., (6) Rugosochonetinae nov., (7) Chonetinellinae 
nov., (8) Semenewiinae nov. 


SUBFAMILY CHONETINAE Bronn, 1862 


Three or more fine diverging dorsal septa or ridges, alveolus present; brachial ridges normally 
absent; shell capillate and lamellose; spines oblique (45°). 

GENvus. Chonetes. 

RANGE. Lower Devonian to Lower Carboniferous. 
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SUBFAMILY STROPHOCHONETINAE nov. 


Dorsal median septum short or absent, prominent lateral septa, no alveolus; shell capillate, 
median enlarged capilla, spines vertical. 

GENUS. Strophochonetes nov. 

RANGE. ? Upper Ordovician to Lower Devonian. 


SUBFAMILY DEVONOCHONETINAE Nov. 


Median septum supporting large prominent cardinal process, lateral septa developed; shell 
capillate, spines low-angled. 
GENERA: Devonochonetes nov., Notiochonetes nov., Longispina, Protochonetes nov. 
RANGE. Silurian to Middle Devonian. 


SUBFAMILY ANOPLIINAE nov. 


Two or more diverging plates or septa in one or both valves, dorsal median septum reduced or 
absent; shell normally smooth, external spine row sometimes absent. 

GENERA: Anoplia, Anopliopsis, Chonetina, Notanoplia, Tornquistia. 

RANGE. Lower Devonian to Permian. 


SUBFAMILY RETICHONETINAE Nov. 


Breviseptum not supporting prominent cardinal process; hinge often longitudinally ridged; 
shell capillate or costellate and reticulate, spines long, at high angle. 

GENUS. Retichonetes nov. 

RANGE. Lower to Upper Devonian, and Lower Carboniferous. 


SUBFAMILY RUGOSOCHONETINAE nov. 


Alveolus, lateral septa, and rarely accessory septa present; brachial ridges prominent in most 
genera; capillate or smooth; median fold and sulcus variably developed; spines oblique or at 
high angle. 

GENERA: Rugosochonetes, Dyoros, Eolissochonetes, Lissochonetes, Mesolobus, Plicochonetes, 
Quadrochonetes. 

RANGE. Lower Carboniferous to Permian. 


SUBFAMILY CHONETINELLINAE nov. 


Internally near to Rugosochonetinae; median fold and sulcus usually strong; capillate to 
costate; spines parallel to hinge. 

GENERA: Chonetinella, Neochonetes nov., Waagenites. 

RANGE. Upper Carboniferous to Upper Permian. 
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SUBFAMILY SEMENEWIINAE Nov. 


Valves ornamented by concentric rugae, vertical spines; spinules developed. 
GENUS. Semenewta. 
RANGE. Lower Carboniferous. 


FAMILY EODEVONARIIDAE Sokolskaja, 1960 


Hinge denticulate, hinge teeth and sockets reduced; no alveolus; long curving socket ridges; 
externally capillate, spines at low angle to hinge. - 
GENus. Eodevonaria. 
RANGE. Lower to Middle Devonian. 


FAMILY CHONOSTROPHIIDAE Nov. 


Shell convexity reversed; spines vertical; musculature and ornament strophomenoid. 
GENuS. Chonostrophia. 
RANGE. Middle Silurian to Middle Devonian. 


FAMILY DAVIESIELLIDAE Sokolskaja, 1960 


Chonetacea of medium to large size; shell often thickened; externally capillate or costellate; 
spinules and external spine row present, or spine roots only; adductor scars wholly or 
partly dendritic; accessory adductor scars present; median septum in each valve; brachial 
ridges sometimes developed. 

RANGE. Devonian to Lower Carboniferous and ? Upper Carboniferous (Namurian). 


SUBFAMILY DAVIESIELLINAE 


Shell of large size, pedicle valve much thickened; no external spine row; massive septum 
supporting cardinal process; brachial ridges anteriorly directed. 

GENUS. Davitesiella. 

RANGE. Lower Carboniferous, Visean. 


SUBFAMILY DELEPINEINAE nov. 


Shell usually of large size; pedicle valve sometimes thickened; external spine row usually 
present; fine septum not supporting cardinal process; high ventral interarea with spine roots. 
GENERA: Delepinea nov., Megachonetes. 
RANGE. ? Middle or Upper Devonian to Lower Carboniferous, Visean; ? Namurian. 


SUBFAMILY AIRTONIINAE nov. 


Shell of medium size; two strong diverging lateral septa from cardinal process and short 
breviseptum; anterior plate-like ridges; brachial ridges laterally directed. 

GENUS. Airtonia. 

RANGE. Lower Carboniferous, Visean. 
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DISTINGUISHING CHARACTERS. The chonetoids are distinguished from stropho- 
menoids and productoids by the presence of a median septum or septa in each valve; the low 
convexity of pedicle valve of the smaller forms; presence of row of short, often slightly curved 
closed spines set on interarea of pedicle valve on each side of umbo, the bases of these spines 
often extending at an angle to the externally projecting portion and opening into the cavity 
of the shell immediately below the interarea; presence of fine spinule apertures on costellae, 
but the spinules themselves rarely preserved; rare development of vascular markings; from 
productoids, with the exception of the strophalosiids, productellids and Sinuatella the presence 
of an interarea in each valve, sometimes reflexed, and of teeth and sockets, as well as a pseudo- 
deltidium and chilidium or chilidial plates. 

The development of a minute foramen indicating a functional pedicle in early growth 
stages distinguishes chonetoids from productoids, but links them more closely to the stropho- 
menoids. 

The shell structure in chonetoids differs from that of strophomenoids and productoids in 
the more numerous endospines [ ?=taleolae] or non-fibrous rods which may be pierced by a 
central cavity. They are usually arranged in parallel rows which are well seen as radiating rows 
of pustules of varying diameter on the shell interior. In the Productoidea these rods which may 
appear as pustules or endospines on the interior of the shell, are usually solid. In the stropho- 
menoids the interior of the valve is usually granular but not spinose. 


After the first proof of this monograph had been printed, the Russian publication 
dealing with the revision of brachiopod genera ‘Ochoss Tlaneoxtonoruu’ 15 (Fundamentals of 
Palaeontology) was published on December 25th 1960. Unfortunately two of the author’s 
new families Daviesiellidae and Eodevonariidae were duplicated in that volume by Sokolskaja 
and have now been attributed to her. 

Daviesiellidae of Sokolskaja, 1960, includes the genera Daviesiella and Airtonia, while 
Eodevonariidae includes only the genus Eodevonaria, as in this monograph. The family 
Daviesiellidae has been emended by me to include three subfamilies, Daviesiellinae attributed 
to Sokolskaja, Delepineinae nov. and Airtoniinae nov. 

Two new subfamilies—Plicochonetinae and Paeckelmanniinae of Sokolskaja have not been 
adopted. 

The subfamily Plicochonetinae was proposed by Sokolskaja, 1960, for three genera 
Plicochonetes here assigned to subfamily Rugosochonetinae nov.; Longispina here assigned to 
Devonochonetinae nov.; Waagenites here assigned to Chonetellinae nov. 

The subfamily Paeckelmanniinae Sokolskaja was proposed for nine genera. Five genera— 
Paeckelmannia (here shown to be a synonym of Tornquistia), Anoplia, Notanoplia, Chonetina, 
Anopliopsis are here assigned to the Anopliinae. Lissochonetes, Dyoros and Quadrochonetes are 
assigned here to the subfamily Rugosochonetinae nov., while Semenewia is assigned by me 
to the subfamily Semenewiinae nov. 

The family Chonetidae, subfamily Chonetinae, according to Sokolskaja, includes a varied 
assortment of genera—Chonetes, Megachonetes, Chonetinella, Mesolobus, Rugosochonetes and 
Chonostrophia. 'These genera are separated in five subfamilies in this monograph on the basis 
of internal characters and angle of spines. 





SYSTEMATIC DESCRIPTIONS 
Suborder CHONETOIDEA Muir-Wood, 1955 
Superfamily CHONETACEA Shrock & Twenhofel, 1953* 
Family CHONETIDAE Bronn, 1862 
Subfamily CHONETINAE Bronn, 1862 
Genus CHONETES Fischer de Waldheim 


(Gender masculine) 


Pl. 1, figs. 1-15; ‘Text-figs. 4A, B. 
1830 Chonetes Fischer de Waldheim, pl. 26, figs. 8, 9 and explanation of plate. 
No species mentioned, figure indeterminate. 


1837 Chonetes Fischer de Waldheim, p. 134, pl. 26, figs. 8, 9 indeterminate. 
1842 Chonetes Fischer de Waldheim: de Koninck, p. 206. 
1845 Chonetes Fischer de Waldheim: de Verneuil, p. 238. 
1847 Chonetes Fischer de Waldheim: de Koninck, p. 175. 
1853 Chonetes Fischer de Waldheim: T. Davidson, p. 113. 
1892 Chonetes Fischer de Waldheim: Hall & Clarke, p. 303. 
1894 Chonetes Fischer de Waldheim: Hall & Clarke, p. 292. 
1930 Chonetes Fischer de Waldheim: Paeckelmann, p. 233. 
1944 Chonetes Fischer de Waldheim: Cooper, p. 345. 

1950 Chonetes Fischer de Waldheim: Sokolskaja, p. 19. 
1952 Chonetes de Koninck: Ramsbottom, p. 11. 

1958 Chonetes Fischer de Waldheim: Cvancara, p. 866. 
1959 Chonetes de Koninck: Imbrie, p. 392. 


EMENDED D1acGnosis. Shell small, semicircular; valves plano- or slightly concavo-convex ; 
interareas narrow; pseudodeltidium present; hinge equal to or slightly less than greatest 
width of shell; shell surface with fine bifurcating capillae, sometimes becoming smooth or 
lamellose anteriorly; spines extending at angle of about 45°; spinules rare or absent. 

Interior of pedicle valve with strong median septum about half or two-thirds shell length 
and enlarged posteriorly; hinge teeth small; two curved ridges diverging from hinge. Interior 
of brachial valve with bilobed or quadrilobed cardinal process with alveolus; sockets striated 


* See note on p. 30. : 
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with strong outer and curved inner socket supporting ridges; two or more long fine diverging 
septa but ill-defined median septum, short lateral septa often developed ; muscle scars obscure; 
inner shell surface with radial rows of fine papillae; radial ornament round shell margin. 





B 





Fig. 4. Chonetes sarcinulatus (Schlotheim). A. Diagrammatic representiation of 
interior of brachial valve showing three fine parallel septa; bilobate 
cardinal process with anterior alveolus, cp.; inner socket ridges, zsr.; lateral 
septa, /s.; and outer socket ridges, osr. Lower Devonian, Emsian, either from 
Rammelsberg, near Goslar, or Coblenz, Germany. Original in Humboldt 
University, Berlin. Plaster cast in British Museum (Nat. Hist.), BB.11301. 

B. Interior of pedicle valve showing adductor scars, ad. ; the diductors, did.; ridge 
bounding the posterior margin of diductors, r.; and long prominent median 
septum, s. Lower Devonian, Emsian, Eifel, Germany. BM. BB.41136. 

Both x 1%. (see Pl. 1, figs. 6, 12). 


Type Specis. Terebratulites sarcinulatus Schlotheim, 1820, by subsequent designation of 
de Verneuil (1845: 240). 

RANGE AND DISTRIBUTION OF GENUS (As here restricted). Lower Devonian to Lower 
Carboniferous, Europe (Great Britain, France, Germany); America; ? Asia; N. Africa; 
Australia. 


SPECIES ASSIGNED TO GENUS. 


Terebratulites sarcinulatus Schlotheim, 1820. Lower Devonian, Grauwacke of Rammelsberg, near Goslar, Germany 
(Lower Coblenzian, Upper Emsian); Eifel; Nassau; Western France. 

Chonetes boblayei de Verneuil, 1850. Devonian, West of France. 

Chonetes failandensis S. Smith, 1925. Lower Carboniferous, Tournaisian, top of K2 subzone, St. Monica’s Home, 
Westbury, near Bristol. 

Chonetes kayserianus Gallwitz, 1932. Devono-Carboniferous, Etroeungt Beds, Rhineland. 

? Chonetes ornatus Shumard, 1855. Upper Devonian, Chemung, U.S.A. (Missouri). 

Chonetes plebejus Schnur, 1853. Lower Devonian, Eifel, Germany; West of France; England, Devonshire. 

Chonetes ratingensis Gallwitz, 1932. Devono-Carboniferous, Etroeungt Beds, Rhineland. 

Chonetes sauntonensis Reed, 1943. Upper Devonian, Saunton Hotel, near Croyde, N. Devon; Roborough, Barnstaple; 
Top Orchard Quarry, Pilton, N. Devon. 

Leptaena semiradiata J. de C. Sowerby, 1842. Lower Devonian, Eifel, Germany. 

Leptaena sordida J. de C. Sowerby, 1840. Lower Devonian, Lynton, N. Devon. 

Chonetes unkelensis Dahmer, 1936. Lower Devonian, Siegenian, Unkel, Rhineland, Germany. 


DISTINGUISHING CHARACTERS. Chonetes s. str. differs from Rugosochonetes in having no 
prominent median septum in the brachial valve but three or more ridges diverging from the 
umbo anterior to the alveolus. Rugosochonetes has a well-defined dorsal median septum and 
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two short lateral septa diverging at an angle of about 30°. Chonetes differs from Devonochonetes 
and Notiochonetes in the internal characters of the brachial valve, and from Protochonetes in not 
having a median incision in the posterior part of the median septum of the pedicle valve, in 
having a less prominent median septum in the brachial valve and in the development of an 
alveolus. 

REMARKS. Fischer de Waldheim (1830, expl. pl. 26, figs. 8, 9) gave a very poor description 
of this genus and his figures are indeterminate. The original description reads: ‘Genre de 
coquilles nouveau, analogue aux peignes. Coquille bivalve, subéquivalve, ailée, ayant la char- 
niére linéaire et des enfoncements musculaires en forme d’entonnoir.’ In 1837 (p. 134) the 
description is longer and reads: ‘Coquille bivalve, subéquilaterale; applatie; charniére droite 
édentés, avec des apophyses intérieures droites et divergentes; et d’autres, 4 la base, rondes 
formant un creux en entonnoir. J’ai trouve cette petite coquille une seule fois dans le calcaire 
de Podolsk. Le morceau est egaré ou perdu.’ Fischer stated that his shell was near Orthis but 
that it lacked the triangular delthyrium in the margin. The name Chonetes is said to be derived 
from the Greek ywvy = entonnoir, and refers to the two sockets or muscle pits set close to the 
posterior margin of the shell interior. No species are mentioned. 

It remained for de Koninck (1842) to define the genus and assign five species to it (see 
p- 24). 

The type species of Chonetes s. str., C. sarcinulatus, is very imperfectly known and has been 
confused with many other species. Schlotheim (1820: 256) gave no proper description, but 
only a reference to Huepsch (1781, pl. 1, fig. 5), and to Pl. 2, fig. 3 of Schlotheim’s plates. 
This plate, however, does not refer to brachiopods, but Pl. 29, fig. 3, does. In the explanation 
of plates (p. 436) this figure (PI. 29, fig. 3) is said to represent ‘Hysteriolithes vulvartus’, but 
in the text, under that species (p. 247) as Hysterolites vulvarius Schlotheim has doubts about 
his identification of fig. 3, and thinks it may represent the lower or upper half of Huepsch’s 
shell. 

Huepsch’s figures (1781, pl. 1, figs. 5, 6) represent a capillate specimen from the Eifel, 
Germany, with three strong anterior growth lamellae, and an emarginate anterior margin. 
In dorsal view the pedicle valve has a well-developed triangular interarea, and very narrow 
closed delthyrium. There is no indication of any spines along the hinge, and its identity is 
uncertain. If drawn natural size it is considerably larger than most chonetids. 

On p. 257 under the heading Terebratulites sarcinulatus Schlotheim states that his figure 
3a, represents the upper half of Huepsch’s shell and fig. 3b the inner side of it. These figures 
are so bad as to be almost unidentifiable. The upper figure, 3a, shows what is probably the 
exterior of the brachial valve, finely capillate and with an anterior strong growth lamella and the 
indication of a different type of ornament anterior to it. A short median septum or crack is 
indicated posteriorly. The lower figure, 3b, has the same anterior growth lamella and is finely 
capillate with indication of other prominent growth lines near the hinge. Just below the umbo 
are two short divergent structures close to the hinge which might indicate a bilobed cardinal 
process or short socket ridges if a brachial valve, or possibly hinge teeth if a pedicle valve. 

The only specimen at present representing ‘ Terebratulites’ [Chonetes] sarcinulatus in the 
Schlotheim Collection, Humboldt University, Berlin, is a slab with two chonetid valves, one 
the interior and the other an exterior of the brachial valve, which are doubtfully recognized as 
Schlotheim’s originals and if so, these are only half the size of Schlotheim’s figures (Pl. 29, 
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figs. 3a, b). Failing other material the interior of the brachial valve is hereby selected as 
lectotype of Chonetes sarcinulatus. This specimen. has shallow sockets, inner and outer socket 
ridges, a small bilobate cardinal process, an anterior alveolus and five fine diverging septa 
which spring from below the alveolus. Examination of German material has shown that the 
number of septa varies in different specimens, but there is no prominent median septum. 
In related species there are often two ‘long diverging septa extending nearly to the anterior 
margin and a very weak short median septum. There are approximately thirty-six capillae 
in C. sarcinulatus anteriorly in interior of brachial valve, but the ears are smooth. 

On the same Schlotheim slab as the C. sarcinulatus brachial valve interior there is an 
impression of a nearly flat brachial valve exterior identified as Chonetes semiradiatus (J. de C. 
Sowerby). This specimen is finely capillate with a strong anterior growth lamella and anterior 
to this the ornament changes from capillate to lamellose. 

The brachial valve interior of C. sarcinulatus is 19 mm. wide and 11-5 mm. long, while the 
specimen of C. semiradiatus is 16-8 mm. wide and 9:2 mm. long. 

Schnur (1853: 225) figured and described Chonetes sarcinulatus from the older Greywacke 
of the Rhineland. It is said to be semicircular in outline with the hinge less than the greatest 
width of the shell and the cardinal extremities rounded. The pedicle valve is said to be convex, 
flattening towards the hinge and the brachial valve correspondingly concave. There are three 
to seven spines on each side of the umbo, two of which may be placed on the extreme end of the 
hinge. The ventral interarea is said to be very low and that of the dorsal valve scarcely percep- 
tible. ‘There are about 100 capillae or more at the anterior margin with many bifurcations, some 
capillae bifurcating three to five times, and intercalations also occur. Numerous growth-lines 
occur especially near the anterior margin where radial ornament may be lacking. 

Schnur also describes a variety as C. sarcinulatus var. plana (1853, pl. 42, fig. 5e—given 
erroneously as 1c) which is said to have a flatter pedicle valve with greatest width along the 
hinge and to have more numerous capillae and a higher interarea than the typical form. 
This is said to be rare in the Grauwacke between Pelm and Berlingen. Owing to the poor 
state of preservation and the distortion of most of the specimens examined this form was not 
distinguished. Schnur (Pl. 42, fig. 5d, p. 244) figured the interior of a brachial valve which he 
stated was inaccurately drawn and that the two outer septa were shown as diverging at too high 
an angle. ‘The median septum is said to be set in a hollow, and that outside this hollow the shell 
is smooth. 

The specimens figured by Delépine (1933) from Bartine-Zongouldak, N.W. Anatolia, 
Asia Minor, as Chonetes sarcinulatus appear to be true Chonetes s. str., and to have more diverg- 
ing septa, fine bifurcating capillae, and the hinge less than the greatest width. The spines 
were not seen, the growth-lines were not marked and there was no anterior lamellose 
zone. 

Campbell (1957: 62) discussed the genus Chonetes s. str. and gave a general description of 
C. sarcinulatus (Schlotheim) which he regarded as the type species. He described the pedicle 
valve of this species as having a low median septum extending more than half valve length, 
while the brachial valve is said to have a weak median septum and two slightly oblique stronger 
septa extending nearly to the anterior margin. He suggested that if this was correct then a 
large number of chonetids, such as C. dalmanianus, C. laguessianus, C. illinoisensis and C. 
carboniferus would need to be assigned to a new genus. 
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Ramsbottom (1952: 11) discussed the genus and gave the type by subsequent designation 
of de Verneuil (1845) as Chonetes sarcinulatus (Schlotheim), but the genus is ascribed to de 
Koninck (1842).. The figures given by Schlotheim are, however, said to be internal and external 
views of the ventral valve. 

Cvancara (1958: 866) gave a revised diagnosis of Chonetes sarcinulatus (Schloth.) s. str. 
from a study of topotypes from the Lower Devonian, Upper Emsian (Coblenzian) of Rammels- 
berg near Goslar, Harz, Germany (said to be actually from the Festenburger Shale of the 
Kondel group). The revised diagnosis of Chonetes s. str. given by Cvancara reads: ‘Concavo- 
convex; pedicle valve with low but rather well-defined median septum extending beyond mid- 
length of the valve; brachial valve with long median ridge flanked by short diverging ridges, 
which separate the adductor scars; cardinal process quadripartite; multicostellate.’ 

The cardinal process so far studied in this species has been bilobate on the internal face 
and possibly quadrilobate externally, and no adductor scars could be distinguished in the 
brachial valve. 

Imbrie (1959) gave a description of the Middle Devonian (Traverse) species of Michigan, 
U.S.A. and also discussed Chonetes s. str. and its type species C. sarcinulatus from the Lower 
Devonian, Emsian (Coblenzian). Imbrie mentions specimens almost identical with the 
Schlotheim types (figured here on PI. 1, figs. 12a, 6) from the Lower Devonian near Goslar 
in the Harz and preserved in the Peabody Museum, Yale, Connecticut, no. 1999. Imbrie 
considered C. sarcinulatus to be closely allied to the American Chonetes coronatus group and the 
Traverse species. Chonetes coronatus has, however, been taken here asthe type of Devonochonetes 
gen. nov. 

The Traverse chonetids from figures of the interior of the brachial valve given by Imbrie 
(1959, pl. 63, figs. 12, 13, 15, 29, and pl. 64, fig. 5) representing the species Chonetes mediolatus. 
Cooper, C. ensicostus, and C. nataeformis Imbrie, all appear to havea bilobate cardinal process 
supported by a median septum, without an alveolus and to have two short lateral septa. ‘This 
is unlike Chonetes s. str. but is similar to Devonochonetes and Longispina. Chonetes ensicostus 
Imbrie (pl. 63, figs. 22-29) has spines extending along the hinge, and the interior of the 
brachial valve is similar to Longispina. The shell is, however, finely capillate instead of costate 
as in the type species of Longispina. Imbrie (1959) remarked, however, that a complete series 
of forms can be traced from the coarsely costate to the finely capillate forms described by him 
as new species, and it is possible that this species may belong to Longispina. 

Chonetes semiradiatus (J. de C. Sowerby) described from the Eifel and figured from 
Priim, is doubtfully the same as Chonetes plebejus Schnur as the latter author stated in his 
description of C. plebejus. C. plebejus has more prominent costation which usually extends 
to the anterior margin, while C. semiradiatus (PI. 1, figs. 5, 12a) is semiplicate and anteriorly 
smooth except for numerous growth lines. The brachial valve interior is shown in Sowerby’s 
figures (1842, pl. 38, fig. 14) with two diverging septa, while the pedicle valve has a short 
septum and two long curved ridges from the hinge. 

Some of Phillips’ (1841) specimens of Chonetes hardrensis from Devon should be identified 
as Chonetes sordidus (J. de C. Sowerby), a Lower Devonian species. Others from the Upper 
Devonian have been renamed Chonetes sauntonensis by Reed (1943). 

Lack of good material has made the description of C. sarcinulatus very difficult and it ap- 
pears to be considerably rarer than C. semiradiatus (J. de C. Sowerby). The latter species occurs 
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in the same beds of the Lower Coblenzian (= Emsian) as C. sarcinulatus. 'The pedicle valve is 
slightly convex and the brachial valve slightly concave. The greatest width is usually 
anterior to the hinge and the cardinal extremities are rounded. Spines are rarely preserved, 
but appear to have extended at an angle of about 45° to the hinge. Spinule apertures are also 
rare. The capillae bifurcate frequently on the posterior part of the shell and the anterior 
ornament is finer, or the shell may be lamellose and radial ornament almost absent. Prominent 
growth lamellae may be numerous near the anterior margin, but are rare elsewhere. In the 
interior of the pedicle valve there is a well-developed median septum about half the valve 
length or longer. Parallel and close to it are two short ridges, probably related to the adductor 
scars. The muscle scars are obscure. The hinge teeth are small and are deeply inserted into the 
well-buttressed sockets with inner socket ridges and a hinge margin swollen to form outer 
socket ridges. Two curved ridges diverge from the ventral umbo and probably bounded the 
outer margin of the diductors. 

In the brachial valve the cardinal process is usually bilobed internally and quadrilobed on the 
external face. It projects posteriorly and is not prominent. A rather deep alveolus separates the 
cardinal process from the three to five fine diverging septa. The latter vary considerably in 
development but related species appear to have a short ill-defined median septum and two 
long accessory septa. Short lateral septa (or brachiophores) may be present. ‘The muscle 
scars are usually obscure and no brachial ridges occur. The inner surface of both valves is 
finely papillose, with fine radial ornament round the anterior margin. 

The related species require more study since internals are usually rare or completely 
lacking. 


Subfamily STROPHOCHONETINAE nov. 


Genus STROPHOCHONETES nov. 
Pl. 2, figs. 4, 7-11; Text-figs. 5A, B 


DiaGnosis. Small forms, valves plano- or slightly concavo-convex, thin-shelled; hinge 
approximately greatest width of shell; pseudodeltidium and chilidial plates present. Ornament 
of fine capillae with intercalations and bifurcations, median enlarged capilla in pedicle valve, 
rarely two enlarged lateral capillae present, sometimes smooth umbonally; spines few, long, 
fine, at high angle to hinge; spinule apertures present; growth lines prominent, especially 
anteriorly. 

Interior of pedicle valve with short median septum, slightly enlarged posteriorly; obscure 
adductor scars and diductors; teeth massive, laterally extended and transversely striated. 
Brachial valve with median septum about one-quarter shell length or absent; cardinal process 
internally bilobate, externally quadrilobate, fused with chilidial plates; often no alveolus; lateral 
septa prominent, sometimes curved, diverging at about 60°; sockets small; socket ridges 
extending along hinge margin. 

Type Species. Chonetes cingulatus Lindstrém, 1860. 

RANGE AND DIsTRIBUTION. ? Upper Ordovician, Anticosti I. and Great Britain; Silurian 
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to Lower Devonian, Europe (Poland, Scandinavia, Gotland, ? Gt. Britain); N. America, 
Canada (Anticosti I., Nova Scotia), U.S.A. (Maine). 


SPECIES ASSIGNED TO GENUS. 


Chonetes aroostookensis Clarke, 1907. Lower Devonian, Aroostook Co., Maine, U.S.A. 

? Chonetes canadensis Billings, 1874. Lower Devonian, Grande Gréve, Quebec, Canada. 

Chonetes (Eodevonaria) celtica Reed, 1944. Upper Ordovician, Balclatchie Beds, Balclatchie, Ayrshire. 

Chonetes cingulatus Lindstrém, 1860. Silurian, Wenlockian, Fran Frojel, Gotland, also from Lunobacker and Eksta, 
Gotland; Monograptus colonus Beds of Scania. 

Chonetes mediocostalis Kozlowski, 1929. Lower Devonian, Downtonian, Czortkow stage, Podolia. 

Chonetes novascoticus Hall, 1860. Silurian, Arisaig Series, Nova Scotia. 

Chonetes novascoticus var. missendenensis Straw, 1933. Lower Devonian, Little Missenden, Bucks (in boring). 

? Chonetes paucistria Clarke, 1907. Lower Devonian, Edmunds Hall, Chapman Plantation, Maine. 

? Chonetes (Eodevonaria) primigenius Twenhofel, 1914 and 1927. ? Upper Ordovician, and Lower Silurian, Anticosti 
I., Canada. 

Chonetes scanicus Hede, 1919. Upper Silurian. Monograptus colonus Beds. [=Lower Ludlow Beds]. Skarhult, 
Scania. 

Chonetes tenuicostatus Oehlert, 1877. Lower Devonian, La Baconniére, W. of France; Sarthe; Mayenne. 





Fig. 5. Strophochonetes cingulatus (Lindstrém). A. Diagrammatic 
representation of pedicle valve exterior showing well preserved 
long vertical spines and enlarged median capilla. 
B. Exterior of brachial valve showing capillate ornament but no 
enlarged median capilla. 

Silurian, calcareous sandstone, Klintehamn, Gotland. x 5. 
(After Hede, 1917, pl. 1, figs. 11, 13.) 


DISTINGUISHING CHARACTERS. Strophochonetes differs from the Silurian genus Pro- 
tochonetes in its smaller dimensions, finer capillation, presence of a median enlarged capilla, less 
numerous longer spines which extend at a high angle to the hinge, and in difference in internal 
characters. In Strophochonetes the median septum in the pedicle valve is less prominent, 
narrower, and not medianly incised as in Protochonetes. In the brachial valve of Protochonetes 
there are two lateral septa and a long posteriorly broad medianly depressed septum, deep 
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sockets, and a short internally bifid cardinal process. In Strophochonetes there are two lateral 
septa, and a median septum about quarter shell length, or the septum may be lacking. The 
sockets are small and socket ridges extend along the hinge. It differs from Chonetes s. str. 
in having a median enlarged capilla, a median septum and two short lateral septa in the brachial 
valve, instead of the three to five fine long septa in Chonetes. In the latter genus the ventral 
median septum extends more than half valve length and there are often two short parallel 
ridges, while Strophochonetes has a single short ventral median septum. 

REMARKS. Strophochonetes is one of the earliest chonetoid genera and occurs doubtfully 
in the Upper Ordovician of Anticosti Island, Canada, in the Upper Ordovician of Ayrshire, as 
well as in the Llandovery equivalent of Anticosti. It occurs in the higher beds of the Silurian 
in Canada, and in the Wenlock and Lower Ludlow Beds of Gotland. It ranges up into the Lower 
Devonian of Podolia in Europe, and Maine, U.S.A. 

S. cingulatus (Lindstrém) according to that author has three to four slightly curved erect 
spines on each side of the umbo, and from 50-60 fine capillae near the anterior margin. 
The dimensions given by Lindstrém are length 9 mm., width 12 mm. Eight specimens, no. 
BB.10029 in B.M. (N.H.) collection presented by Lindstrém to T. Davidson are said to be 
from Wenlock Shale, Gotland*, where this species is associated with Beyrichia. The valves are 
semicircular, slightly concavo-convex, with the greatest width along the hinge. One specimen 
had almost vertical, slightly curved spines preserved, 2-3 mm. in length, one extending from 
the cardinal extremity. All specimens have rather prominent growth-lines, and a prominent 
median capilla in the pedicle valve. The successive enlargements of the median capilla are 
not always vertically aligned in the later growth-stages. Anteriorly the shell may be lamel- 
lose, while a smooth region may occur near the umbo for 2-3 mm. This species does not seem 
to have been recorded from Great Britain. Specimens of a chonetid on a slab of Wenlock 
Shale from Dudley (B.M., 69758) have similar capillation and long erect curving spines as 
in S. cingulatus but lack the enlarged median capilla, except in the earlier growth-stages. 

Chonetes aroostookensis Clarke from the Lower Devonian of Maine, U.S.A., has five 
spines on each side of the umbo, the outer ones often long and extending almost vertically. 
The capillae are fine and bifurcating, with three to four in 1 mm., the median capilla being 
enlarged. The cardinal process is bilobate and the inner socket ridges extend parallel to the 
hinge. ‘There is a short median dorsal septum, not in contact with the cardinal process, and 
two short lateral septa. 

Chonetes mediocostalis Kozlowski from the Downtonian, Czortkow stage of Podolia, also 
seems to belong here and is a small form with maximum length 8-5 mm. and width 10-2 mm. 
It is finely capillate with six to seven capillae in 1 mm. and about 7o at the anterior margin. 
The median capilla is enlarged as in Strophochonetes cingulatus (Lindstrém). The ventral valve 
is slightly convex and there are three vertical spines spaced out along the hinge, which forms 
the widest part of the shell. The cardinal process is bilobed internally or quadrilobate ex- 
ternally, and there are narrow chilidial plates, giving five furrows on the external face. There 
are two lateral septa diverging at an angle of about 60°, but no median septum. The socket 
ridges extend along the hinge. The hinge teeth are short and massive, and the short ventral 
septum extends about one-fifth of length of the valve. 


* Recorded from the Slite Sandstone and Cyrtograptus Shale said to be of Wenlock age according to the Lexique Strat. Intern. 
I., fasc. 2c, Sweden. 
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C. paucistrius Clarke from the Lower Devonian, Chapman plantation, Maine, U.S.A., 
with slightly curved erect spines may also belong here. 

Hede (1915) figured and described Chonetes cingulatus Lindstrém from the Monograptus 
colonus beds of Scania, and in 1917 he figured specimens showing fine vertical spines 7 mm. 
long in specimens 4 mm. long and 6 mm. wide from Klintehamn, Gotland. The median 
enlarged costa is well shown in the pedicle valve only. 

The small species Chonetes gotlandicus described by Hede (1917) from Klintehamn, Gotland 
may belong to Chonetes s. str. but nothing is known about the internal morphology, while 
Chonetes scanicus (Hede, 1919) from the Monograptus colonus beds = Lower Ludlow beds of 
Skarshult, Scania is a Strophochonetes with vertical spines and enlarged median capilla. 
Chonetes tenuicostatus Oehlert from the Lower Devonian of Western France has a slightly 
enlarged median capilla posteriorly and vertical spines which suggest affinity with Stropho- 
chonetes. It is larger than Strophochonetes cingulatus being 23 mm. wide, 15 mm. long and 
3 mm. thick. The interior of the brachial valve, however, shows a median septum anterior to 
an alveolus, two lateral and two accessory septa. In S. cingulatus (Lindstrém), the type species 
from the Silurian, Wenlockian, the median septum is rather anterior and there are no accessory 
septa, but well-defined lateral septa. C. tenuicostatus is a Lower Devonian form and the develop- 
ment of accessory septa and anterior loss of the enlarged median capilla may be phylogerontic 
characters. 


Subfamily DEVONOCHONETINAE nov. 


Genera. Devonochonetes nov., Longispina, Notiochonetes nov., 
Protochonetes nov. 


Genus DEVONOCHONETES nov. 
Pl. 10, figs. 1, 2; Text-figs. 6a—c. 


Diacnosis. Shell small or medium size; valves moderately concavo-convex; hinge 
equal or slightly less than greatest width of shell; pseudodeltidium and chilidium usually 
present; interareas narrow, at low angle to one another, slightly tapering laterally. Shell 
surface finely costellate or capillate, mainly bifurcating on pedicle valve, and intercalations on 
brachial valve; growth-lines numerous; spinule apertures not conspicuous; spines short, in 
echelon, extending at low angle to hinge. Interior of pedicle valve with narrow median septum, 
about half valve length; teeth strong; adductor scars oval, well defined; diductor scars obscure. 
Brachial valve with anteriorly bilobate and posteriorly trilobate cardinal process, external 
face bilobate or quadrilobate; septum low, more than half valve length, supporting cardinal 
process; lateral septa short, slightly diverging, in contact with cardinal process; sockets 
shallow, bounded by short outer socket ridges and low curved inner ridges; internal surface 
with radial costellae bearing numerous small papillae, or papillae in radial rows. 

Type SpEcIES. Strophomena carinata Conrad, 1842: 257 (non Strophomena carinata 
Conrad 1839: 64) =Chonetes coronata Hall, 1857. 
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RANGE AND DISTRIBUTION. Middle Devonian, Hamilton Group. N. America; N. Africa. 


SPECIES ASSIGNED TO GENUS. 

(1) Chonetes amplus Cooper, 1945. Middle Devonian, St. Laurent Limestone, Perry Co., Missouri. 

(2) Chonetes coronatus Hall, 1857 =(Strophomena carinata Conrad, 1842, non 1839). Middle Devonian, Hamilton 
Group, N. America (New York, Alabama, Illinois, Maryland). 

(3) Chonetes filistriata Walcott, 1884. Lower horizon of Devonian Limestone, Comb’s Peak, Eureka district, Nevada. 

(4) Chonetes mediolatus Cooper, 1945. Middle Devonian, St. Laurent Limestone, Perry Co., Missouri. 

(5) Chonetes robustus Raymond, 1904. Middle Devonian, Hamilton Group. Canandaigua Lake, New York State. 

(6) Chonetes scitulus Hall, 1857, figd. 1867. Middle Devonian, Hamilton Group. New York State and Ontario, 
Canada. 

(7) Chonetes scitulites Cooper, 1945. Middle Devonian, base of St. Laurent Limestone, Devils Bakeoven, S. of Grand 
Tower, Illinois. 

(8) Chonetes syrtalis Conrad, 1842. Middle Devonian, New York State and Illinois, U.S.A. 

(9) Chonetes tumidellus Cooper, 1945. Middle Devonian, St. Laurent Limestone, Altenburg, Missouri. 
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Fig. 6. Devonochonetes coronatus (Hall). A. Diagrammatic representation of 
interior of pedicle valve showing median septum, adductor scars, ad.; laterally 
elongated hinge teeth, and short curved spines along hinge. x 13. Middle 
Devonian, Hamilton Group, New York State. (After Hall, 1867, pl. 21, fig. 10, I.) 
B. Interior of brachial valve showing anteriorly bilobate and posteriorly trilobate 
cardinal process, cp.; supported by long septum; short subparallel lateral septa, 
Is.; long curved socket ridges, sr.; and prominent rows of endospines. x 1}. 
External face of same cardinal process. x 6. 

B, C. Middle Devonian, Kashong Group, New York State. USNM. (see 
P1."10, figs. 1, 2.) 


DisTINCTIONS. Devonochonetes differs from Notiochonetes in its more concave brachial 
valve, narrower hinge, and different internal structure of the brachial valve. In Devono- 
chonetes the cardinal process is smaller, and bilobate or trilobate posteriorly, and does not 
project ventrally into the internal cavity of the shell as in Notiochonetes. In Notiochonetes the 
septum is variably developed and may be absent altogether, but it is never in contact with the 
cardinal process. In the latter genus there are two prominent lateral septa, usually vertical or 
slightly curved which extend from the inner socket ridges. In Devonochonetes the low median 
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septum supports the cardinal process and two lateral septa may extend from the base of the 
cardinal process and separate the two sets of adductor muscle scars. 

Devonochonetes differs from Chonetes in its larger dimensions, coarser costellae and in the 
internal structure of the brachial valve. Chonetes lacks the large trilobate cardinal process and 
prominent lateral septa of Devonochonetes, but has a bilobate cardinal process, an alveolus 
anterior to it, and three to five fine diverging septa. 

REMARKS. The species here selected as type is generally quoted as Chonetes coronatus 
(Conrad) 1842, although Conrad never described any species as Chonetes or Strophomena 
_ coronata. He described a species Strophomena carinata in. 1839, and a second species similarly 
named but not synonymous in 1842. There is nothing to show that Conrad ever intended this 
to be S. coronata, although this was assumed by Hall (1857: 146). The species has, therefore, 
been quoted as nom. nov. of Hall (1857) and not attributed to Conrad, 1842. 

In Devonochonetes coronatus the length and width are nearly equal, the cardinal extremities 
are rounded, and the hinge often slightly less than the greatest width. Specimens up to 32 mm. 
wide occur. 

Both valves are finely costellate or capillate with numerous intercalations and bifurcations, 
the costellae often sinuous and varying in width with about 14 costellae in 10 mm., sometimes 
becoming obsolete anteriorly. Hinge spines number eight to ten on each side of the umbo 
and extend at a low angle to the hinge. There are few growth lamellae and growth-lines are 
only conspicuous on well-preserved specimens. . 

In the interior of the brachial valve the prominent cardinal process is deeply sulcate and 
bilobate, and may develop a small central lobe posteriorly. It is supported directly by the broad 
median septum which tapers to a fine elevated ridge, extending for two-thirds of the length 
of the valve. 

The rather shallow sockets are bounded by short outer socket ridges, and longer, curved, 
inner socket ridges which diverge from the hinge margin. The short lateral septa diverge at 
an angle of about 30° or more, and spring from the base of the cardinal process or from the 
enlarged platform resulting from the fusion of septum, inner socket ridges, and base of 
cardinal process. The muscle areas are obscure but small oval adductors may be seen between 
the lateral septa and median septum. The interior shell surface is posteriorly smooth, the 
remainder is covered by radiating rows of fine pustules. 

In the interior of the pedicle valve the teeth are strong. The median septum is about 
half the shell length. The diductor scars are obscure but the adductor scars are narrow and 
oval in outline. The internal shell surface is similar to that of the brachial valve. 

A topotype in the U.S. National Museum from the Middle Hamilton, Kashong, Bowen 
Brook, Attica 15 foot Quad., New York State, measured: width 30 mm., length 21-5 mm., 
thickness 4-2 mm. This specimen had 24 rather angular costellae in the space of 10 mm. near 
the anterior margin. The interareas are set almost at right angles to one another, that of the 
pedicle valve being nearly vertical and about twice the height of that of the brachial valve. 

Silicified specimens from Hamilton Group, Ferron Point from Alpena, Michigan, showed a 
well developed pseudodeltidium and chilidium. The spines are arranged in echelon like a 
saw-edge, and do not appear to have geniculated roots extending through the ventral interarea. 
The cardinal process in this species is prominent, bilobate, a deep sulcus separating the two 
posteriorly narrowing lobes. 
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Silicified specimens of Chonetes robustus Raymond from the Middle Devonian of Canan- 
daigua Lake, East Bethany, New York State, were described by that author as having an open 
pedicle tube in the adult shell. The pedicle is not contained in the delthyrium but the tube 
emerges through or behind the umbo as in Leptaena and some strophomenoids. Brachial 
impressions were well defined in this species. 

It is possible that the species Chonetes tuomyi, C. maclurea and C. littoni, of Norwood & 
Pratten, 1855, from the Devonian of Illinois may belong to Devonochonetes. 

An interior of the brachial valve of a species of Devonochonetes has been observed from the 
Middle Devonian of Algeria, N. Africa. 


Genus LONGISPINA Cooper 


Pl. 15, figs. 12-15; Text-figs. 7A, B. 


1942 Longispina Cooper, p. 230. 
1959 Longispina Cooper: Imbrie, p. 397- 





B 


Fig. 7. Longispina emmetensis (Winchell). A. Diagrammatic 
representation of interior of brachial valve showing the faintly 
defined brachial ridges, br.; knob-like cardinal process, c¢p.; 
septum supporting cardinal process, s.; and short socket ridges, 
sr.; USNM. 108206c. x 4. 
B. Interior of pedicle valve showing the hinge teeth, At. ; and short 
median septum. Two long spines are preserved and extend parallel 
to the hinge. USNM. 108206 d. x 4. 

Both Middle Devonian, Hamilton Group, Grand Traverse 
region, Michigan, U.S.A. (After Imbrie, 1959, pl. 64, fig. 26.) 


EMENDED Dracnosts. Small subquadrate forms; valves strongly concavo-convex; 
hinge widest part of shell; small pseudodeltidium and chilidium sometimes present. Shell 
costate or capillate, bifurcating; spines long, extending parallel to hinge, often with one or 
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two projecting beyond each cardinal extremity; growth-lines sometimes prominent. Pedicle 
valve interior with broad median ridge; teeth small, strong; muscle field large. Brachial 
valve with prominent knob-like or bilobate cardinal process supported by median septum; 
lateral septa short, in contact with median septum; sockets small, deeply excavated, short 
socket ridges; brachial ridges sometimes developed; adductors large; both valves internally 
papillose. 

Type SPECIES. Chonetes emmetensis Winchell, 1866: 92. 

RANGE AND DISTRIBUTION. Lower to Middle Devonian (Onondaga to Tully), N. 
America; (Quebec, Ontario, New York, Appalachians, Tennessee, Virginia, Maryland, 
Illinois, Michigan Nevada, Ohio, Mississippi Valley). 5. America. 


SPECIES ASSIGNED TO GENUS. 

Chonetes billingsi Clarke, 1907. Lower Devonian, Grand Greve, and Gaspé Basin, Quebec. 

Chonetes deflectus Hall, 1857 (Figured 1867). Middle Devonian, Hamilton Group, Canandaigua Lake, New York 
State. 

Chonetes emmetensis Winchell, 1866. Middle Devonian, Hamilton Group, ‘Bryozoa Beds’, Traverse Group, 
Gravel Point stage, Grand Traverse Bay, Michigan, U.S.A. 

Chonetes gibbosus Hall, 1857. (Figured 1867). Middle Devonian. Hamilton Group, York, Livingstone County, N.Y. 
(=C. deflectus Hall, 1857). 

Chonetes koninckianus Norwood & Pratten, 1855. Devonian limestone, 2 miles west of Jonesboro, Union Co., Illinois. 

Longispina leionanus Imbrie, 1959. Middle Devonian, Traverse Group, Lower Bell Shale, Presque Isle Co., Michigan. 

Longispina lissohybus Imbrie, 1959. Middle Devonian, Traverse Group, Lower Ferron Point formation, Rockport, 
Michigan; and from Silica Shale of Ohio. 

Chonetes macrostriatus Walcott, 1884. Lower horizon of Devonian limestone, Eureka district, Nevada. 

Chonetes mucronatus Hall, 1843. (= C. laticostus Hall, 1857) Lower Devonian, Onondaga Limestone, Marcellus Shales. 
New York State; Alabama, Maryland, W. Virginia. 

Longispina pelta Imbrie, 1959. Middle Devonian, Traverse Group, Rockport Qy. Limestone, Presque Isle Co., 
Michigan. 

Chonetes pusillus Hall, 1857. Not figured. (C. armatus Norwood & Pratten, 1855, preocc. Bouchard). Middle 
Devonian, Hamilton Group, Bakeoven, Illinois; also recorded from Fort Resolution, Great Slave Lake, Canada. 

Chonetes stiibeli A. Ulrich. 1892. Middle Devonian sandstone, Rio Sicasica, between Oruro and La Paz, Bolivia, 
S. America. 

Longispina subcalva Imbrie, 1959. Middle Devonian, Traverse Group, Ferron Point formation, and Genshaw forma- 
tion, Alpena Co., Michigan. 


DISTINGUISHING CHARACTERS. Longispina is distinguished from other Devonian 
chonetids by its coarse costation in some species, and the long spines extending parallel to 
the hinge. It is distinguished from Chonetes s. str. by its coarser ornament, more massive 
cardinal process supported by a median septum, and by its smaller dimensions. It differs from 
Devonochonetes by the more knob-like cardinal process, small socket ridges, in its smaller 
dimensions, but resembles it in having no alveolus. 

REMARKS. Winchell’s four cotypes of Chonetes emmetensis were redescribed by Ehlers & 
Kline (1934: 156, pl. 2, figs. 2, 3, 6, 8-13). The dimensions of the largest specimen were: 
width 10:4 mm., length 9:2 mm., thickness 4 mm. A second specimen measured: width 10-1 
mm., length 8-7 mm., thickness 3-6 mm. There are ten to sixteen subangular or rounded costae 
or costellz. Bifurcation and intercalation of costae occur in some species, and growth-lines 
are numerous and sometimes prominent. The spines are long—up to 10 mm., and extend nearly 
parallel to the hinge. The ventral valve is moderately to strongly convex with no median 
sulcus. The umbo is inconspicuous and does not extend beyond the flat interarea. A pseudo- 
deltidium and a chilidium are often developed, the latter covering the external face of the 
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cardinal process. The inner face of the cardinal process is knob-like or bilobed and supported by 
the median septum without alveolus. The inner surface of both valves is strongly papillose. 

The genus was discussed by Imbrie (1959) who figured L. emmetensis and described several 
new species from the Middle Devonian (Traverse) of Michigan. 


Genus NOTIOCHONETES nov. 
Pl. 2, figs. 1-3; ‘Text-figs. 8a-c. 





Fig. 8. Notiochonetes skottsbergi (Clarke). A. Part of interior of pedicle valve 
showing prominent median septum, small adductor scars, ad., and broad 
longitudinally-ridged diductor muscle scars, did. The internal spine openings, 
so., are seen near hinge. BM. BB.17496. x 14. 
B. Posterior view of cardinal process of 8C showing outer, osr., and inner 
socket ridges, isr.; and small plates=chilidial plates, chp., each side of cardinal 
process, cp. BM. BB.17505. x 4. 
C. Part of interior of brachial valve showing broad cardinal process, cp., promi- 
nent lateral septa, Js., in contact with inner socket ridges, isr., and two pairs of 
adductor scars, ad. BM. BB.17505. x If. 

All Lower Devonian, Port Salvador, Falkland Islands. (see Pl. 2, figs. 1-3.) 


Diacnosis. Medium-sized, thin-shelled, with flat brachial and slightly convex pedicle 
valve; hinge approximately widest part; pseudodeltidium present and possibly chilidial plates ; 
shell surface finely costellate with intercalations and bifurcations; spines along hinge rarely 
preserved; spinules developed. Interior of pedicle valve with long, posteriorly broad median 
septum; diductors large, flabellate, longitudinally-ridged ; adductors narrow, ill-defined, 
sometimes attached to septum; teeth massive. Brachial valve with prominent trilobate or 
quadrilobate cardinal process, projecting ventrally; sockets deep, curved, with inner and 
outer bounding ridges; chilidial plates fused with cardinal process; two strong, nearly vertical, 
lateral septa in contact with inner socket ridges; median septum low, short, not supporting 
cardinal process; brachial ridges sometimes observed. Internal shell surface with radial rows 
of pustules. 

Type SpeEcIEs. Chonetes skottsbergi Clarke, 19134, b. 

RANGE AND DISTRIBUTION. Late Lower Devonian, Falkland Islands. The genus may 
be restricted to the Southern Hemisphere. 


SPECIES ASSIGNED TO THE GENUS. 
Chonetes skottsbergi Clarke, 1913 a, b. Lower Devonian, Fox Bay Beds, Port Salvador (Middle Creek), Falkland 
Islands. 
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DISTINGUISHING CHARACTERS. Notiochonetes differs from Chonetes s. str. in its 
larger dimensions and different internal characters in both valves. Chonetes has three or more 
fine, long diverging septa but no prominent median septum. Notiochonetes has a low median 
septum not in contact with the cardinal process and two short, prominent nearly vertical 
lateral septa. The cardinal process in Chonetes projects posteriorly and is bilobate with an 
anterior pit or alveolus. In Notiochonetes the cardinal process is larger and more prominent, 
trilobate or quadrilobate, and projects ventrally. The sockets in both genera are bounded 
by strong inner and outer socket ridges. 

In the pedicle valve the median septum in Notiochonetes is posteriorly enlarged and ex- 
tends more than half the length of the valve and the diductor scars are flabellate and stropho- 
menoid in type with longitudinal ridges. The adductors are narrow and elongate and may be 
situated partly on the slopes of the broad median septum. In Chonetes the diductors are con- 
siderably smaller and not ridged, and the ventral median septum is less massive. Brachial ridges 
are not observed in Chonetes but may be present in Notzochonetes. 

Notiochonetes differs from the Silurian genus Protochonetes by its larger dimensions, less 
prominent septum in the brachial valve which is not in contact with the elevated cardinal 
process. In Protochonetes the bilobate cardinal process is supported by a solid septum and there 
are two diverging lateral septa without an anterior alveolus, the sockets are narrow and 
bounded by laterally projecting inner socket ridges and are unlike the deep, well but- 
tressed sockets of Notiochonetes. The septum in the ventral valve of Protochonetes bears a 
median sulcus and is bifid, the diductor scars are smaller than in Notiochonetes and are not 
longitudinally ridged, but are bounded on the postero-lateral margins by a raised rim. 

This genus differs from Devonochonetes by its more prominent ventrally projecting cardi- 
nal process which is not supported by the median septum, and by the better defined more 
vertical lateral septa extending from the inner socket ridges. 

REMARKS. In the brachial valve the two lateral septa separate the anterior and posterior 
adductor scars. The inner or anterior scars which are elongate-oval in outline and taper post- 
eriorly, are situated between the median septum and the inner side of the lateral septa and 
project about 2 mm. beyond the latter. The smaller, narrower outer or posterior adductors are 
set close to the outer side of the lateral septa and project very slightly beyond them anteriorly. 
Two small processes are developed on either side of the base of the cardinal process. 
They may be chilidial plates and probably serve as accessory form of articulation. The 
teeth are usually small but massive and have a transverse sulcus along their posterior 
margin. 

The inner anterior shell surface is finely costellate, with the costellae bearing fine, often 
elongate pustules anteriorly and laterally. 

The spines are rarely preserved and are usually represented as a row of inner openings 
along the hinge or by internal casts of the spine roots, which are usually short and directed 
towards the umbo. 

No dimensions are given by Clarke in his description of Chonetes skottsbergi, and all the 
specimens figured are detached valves showing the interior. The largest pedicle valve figured 
by Clarke (19134, pl. 24, fig. 32) is 23-4 mm. long and 40-5 mm. wide, while the largest brachial 
valve (PI. 24, fig. 29) is 25-4 mm. Jong and 43-5 mm. wide. 

In the British Museum (Natural History) collections specimens larger than this are seen, 
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and some of these may represent another species with a short ventral septum. Impressions 
of the exterior are rare and were not figured by Clarke. 

Another large species, Chonetes hallei Clarke, 30 mm. long and 38 mm. wide, described 
by Clarke (19134: 293, pl. 24, fig. 34; 19138, pl. 30, fig. 1) from Spring Point, Falkland Islands, 
is represented by a single specimen showing two separated valves with internal structure 
preserved. It would appear to be near to N. skotisbergi. 


Genus PROTOCHONETES nov. 
Pl. 3, figs. 1-7; Pl. 8, figs. 1, 2; Text-figs. gA-c. 





A c 


Fig. 9. Protochonetes ludloviensis sp. nov. A, B. Diagrammatic representation of 
interior of brachial valve showing cardinal process, cp.; lateral septa, Js.; socket 
ridges, sr.; and median septum decreasing in width and becoming more promi- 
nent anteriorly. (A) BM. B.3128. x 24. (B) BM. B.94479b. x 2}. 
C. Internal cast of pedicle valve showing hinge spines extending at an angle of 
about 45° to hinge, sa. The septum is represented by a median slit which bi- 
furcates posteriorly, s. BM. B.g4479a. x 2}. 

All Silurian, Upper Ludlow Beds, Ludlow, Shropshire. (see PI. 3, figs. 1-5). 


Dracnosis. Shell small to medium size, transverse; valves plano- or concavo-convex, 
greatest width along or near hinge; pseudodeltidium small; chilidium sometimes present; 
shell capillate; spinules developed; spines in row extending at angle of about 30° to 45° to 
interarea; interior of pedicle valve with short tapering median septum, broad and bifurcating 
posteriorly ; adductors narrow, tapering, enclosed by larger diductors, ridge bounding postero- 
lateral margin of diductors; brachial valve with small bilobed cardinal process supported by 
posteriorly low broad median septum, becoming prominent anteriorly; cardinal process fused 
with short curved inner socket ridges; lateral septa short, slightly diverging; brachial ridges not 
observed. 

Type Species. Protochonetes ludloviensis nov. Silurian, Upper Ludlow Beds, England, 
Wales, ? Ireland. 

RANGE AND DISTRIBUTION AT PRESENT KNOWN. Silurian, Wenlock, Aymestry and 
Ludlow Beds of Europe and N. America. 


SPECIES ASSIGNED TO GENUS 
Chonetes ceratoides Reed, 1916. Silurian, Lower Ludlow Beds, near Usk, Monmouthshire. 
Chonetes novascoticus Hall, 1860. Upper Silurian, upper member of Arisaig Series, Nova Scotia. 
Chonetes striatellus Dalman, 1828. Silurian, I. of Gotland, Sweden and elsewhere in Europe. 
Chonetes tenuistriatus Hall, 1860. Upper Silurian, upper member of Arisaig Series, Nova Scotia. 
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DISTINGUISHING CHARACTERS. Protochonetes differs from Chonetes s. str. in its more 
laterally extended shell outline, and spines extending at a lower angle to the hinge. Chonetes 
has three or more long fine diverging septa in the brachial valve, the sockets are defined by 
inner and outer socket ridges, and the cardinal process is separated from the septa by an alveo- 
- lus. Protochonetes has a broad dorsal median septum supporting the cardinal process and no 
alveolus, short lateral septa, and short inner socket ridges extending near the hinge. In the 
pedicle valve of Chonetes the septum is long and two curved ridges diverge from the hinge. 
In Protochonetes the ventral septum is short, enlarged and bifurcating posteriorly and separates 
the subtrigonal adductors. A ridge bounds the postero-lateral margin of the diductors. 

It differs from Rugosochonetes in its more laterally elongated shell, narrower interareas 
which are not reflexed, and in internal characters, such as the broader, bifurcating ventral 
septum, and absence of alveolus and brachial ridges in the brachial valve. 


Protochonetes ludloviensis sp. nov. 


Pl. 3, figs. 1-5; Text-figs. ga-c. 
Chonetes striatellus auctt. in part. 
Chonetes latus auctt. in part. 
Leptaena lata J. de C. Sowerby, 1839, pl. 20, fig. 8. 
Chonetes striatella Dalman: Davidson, 1871, pl. 49, figs. 23, 24. 


DraGnosis. Protochonetes from 15 to 20 mm. in width, and 7-5 to 10 mm. in length, 
length equal to half width; pedicle valve slightly convex, sometimes longitudinally folded; 
brachial valve slightly concave; interareas narrow, not reflexed; chilidium absent; ornament 
of fine capillae bifurcating on both valves and decreasing in width anteriorly, intercalations 
rare; about 18-22 capillae in 5 mm. halfway down length; spinule apertures rare; four or five 
subparallel spines on each side of umbo extending at angle of about 30° or more to margin 
of interarea. 

Type SPECIMEN. Holotype from Upper Silurian, Upper Ludlow Beds, under Bone Bed. 
Sheep Walk, Somers Arms, Eastnor, Herefordshire. B.M. (N.H.) B.10199. Paratypes. 
B.94468, B.94479, and B.10200 from same horizon, Ludlow, Shropshire and Ledbury tunnel, 
Herefordshire. 

DISTRIBUTION. Silurian, Upper Ludlow Beds, Ludlow, and other localities in Shrop- 
shire; near Usk, Monmouthshire; near Malvern, Worcestershire; near Ledbury and Eastnor, 
Herefordshire. 

DESCRIPTION. External Characters. The width of the shell is usually about twice the 
length, the greatest width occurring along the hinge or just below. The pedicle valve is 
slightly to moderately convex, and the brachial valve almost plane or slightly concave. Slight 
longitudinal folding of the valves may occur and is probably a gerontic character. ‘The inter- 
areas are very narrow and not reflexed, and no pseudodeltidium or chilidium are preserved in 
most of the specimens. The cardinal extremities are angular or subrounded. ‘The ornament 
consists of fine capillae, bifurcating frequently on both valves and decreasing in width anteriorly. 
Intercalations are rarely observed. Growth-lines are not prominent, but one or two growth 
lamellae may be developed. Spinule apertures on the capillae are rare. Spines along the ventral 
interarea usually number four or five on each side of the umbo. The angle of emergence varies 
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from 30° to 45°, and very often the spines are parallel to one another. The roots of the spines 
seen in internal moulds are always short and directed towards the umbo. Spines up to 5 mm. in 
length were observed, the outermost spines sometimes very slightly curved at their distal 
end. 

Internal Characters. In the pedicle valve the median septum is less than half and usually 
about one-quarter the length of the valve. It is broad posteriorly and medianly incised or 
bifid and then tapers to a fine ridge. The teeth are small and not prominent. T'wo ridges are 
given off from the umbo and diverge at an angle of about 120°. They probably bound the ex- 
ternal lateral margin of the diductor muscles. These are usually obscure, but appear to 
extend anteriorly as far as the septum. The adductor scars are subtrigonal in outline, tapering 
posteriorly along the broad part of the septum and are divided into two by a low vertical 
ridge. "he adductors appear to be almost enclosed by the diductors. 

The small bifid cardinal process is supported by the short massive curved socket ridges 
which diverge slightly from the hinge and are concave posteriorly. The lateral septa are short, 
about 1-2 mm., subparallel and prominent and usually extend from just below the socket ridges. 
The septum in this species is not well developed and may appear to be absent. It is usually a low, 
broad, depressed ridge and narrow and more prominent posteriorly when it is in contact with 
the cardinal process, then it flattens into a broad platform which may be bounded by the 
lateral septa and then narrows again at their anterior ends, sometimes forming a prominent 
narrow ridge about two-thirds of the length of the shell. No brachial ridges were observed. 

Dimensions. Holotype: B.10199. Maximum length 10 mm., maximum width 17-5 mm., 
maximum thickness of pedicle valve 2:5 mm. Paratypes: no. B.94468, length 8-6 mm., width 
16:2 mm.; no. B.10200, length 10 mm., width 20-8 mm. 

DISTINGUISHING CHARACTERS. Protochonetes ludloviensis is distinguished from the 
Gotland species Chonetes [Strophochonetes] cingulatus Lindstrém by the absence of a median 
enlarged capilla in the pedicle valve, by its more laterally elongated shell and by the lower angle 
of emergence of the spines. In Strophochonetes cingulatus they are almost vertical to the hinge. 

It differs from P. ‘striatellus’ (Dalman) by its less semicircular shell outline, less convex 
pedicle valve, ornament of capillae increasing in the pedicle valve mainly by means of bifurca- 
tions and not by intercalations as in the Gotland species. Bifurcations occur in the brachial 
valve in both species. A well-developed chilidium and pseudodeltidium are developed in 
P. striatellus but are usually not observed in P. /udloviensis in which the interareas are extremely 
narrow. The internal characters of the two species are essentially similar. 

REMARKS. As the type specimen of C. striatellus (Dalman) was not available for comparison, 
and is presumed to be lost, the genus Protochonetes was erected for a new Silurian species 
which is readily distinguished from the semicircular and more convex specimens from Gotland 
thought to be Dalman’s species, and figured for comparison on PI. 8. figs. 1, 2. Chonetes latus 
Von Buch (1831) was described from a derived block of Silurian limestone from Gotland 
and is probably the same species as C. striatellus. It was figured by Von Buch (1831, pl. 3, 
figs. 2, 5) as a reconstruction with Tentaculites attached to the hinge as spines and somewhat 
resembling bagpipes. It is probable that more than one species of Protochonetes is represented 
in the British Silurian. In the Aymestry Limestone a smaller form with a much more convex 
pedicle valve was observed. This had spines emerging at an angle of about 60° to the interarea, 
but the interal characters appeared to be the same as in the type species. 
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Subfamily ANOPLIINAE nov. 


Genera. Anoplia, Anopliopsis, Chonetina, Notanoplia, 
Tornquistia 
Genus ANOPLIA Hall & Clarke 
Pl. 5, figs. 13-16; Teattige., IOA-C, 
1892 Anoplia Hall & Clarke, p. 309. 
1894 Anoplia Hall & Clarke, p. 293. 


1941 Anoplia Hall & Clarke: Maillieux, p. 34. 
1944 Anoplia Hall & Clarke: Cooper, p. 347. 





Fig. 10. Anoplia nucleata (Hall). A. Diagrammatic representation 
of interior of brachial valve showing bilobate cardinal process, 
cp.; diverging median septa, s, not in contact with cardinal pro- 
cess; and long, curving slightly crenulated socket ridges, sr. BM. 
BB.16320. x 8. 

B. Interior of pedicle valve showing strong median septum, s.; 
and narrow laterally elongated teeth. BM. BB.16318. x 6. 

Both from Middle Devonian, Camden Chert, quarry at rail- 
way station, Camden, Tennessee, U.S.A. (see Pl. 5, figs. 13b, 
16b.) 
C. Anoplia theorassensis Maillieux. Internal cast of pedicle valve 
with median septum appearing as a slit, s, and spines represented 
by roots directed towards the umbo, spb. Lower Devonian, 
Emsian, Ardennes, Belgium. x to. 

Copy of figure from Maillieux, 1941: 35, fig. 2. 
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EMENDED D1iaGNosis. Small shells; valves highly concavo-convex; length slightly 
greater than width, greatest width along hinge; interareas linear, pseudodeltidium present; 
shell surface with imbricating growth lamellae, otherwise smooth; no spinule holes; external 
spine row along hinge rarely developed, roots of spines sometimes present. Interior of pedicle 
valve with short stout septum, sometimes bifurcating anteriorly; two curving ridges diverging 
from umbo, and probably articulating with ridges in brachial valve; teeth narrow, blade- 
like; inner surface of both valves with capillae, radial ridges, or papillae in radial rows; muscula- 
ture usually obscure, diductors flabellate enclosing narrow, elongate adductor scars. Brachial 
valve with prominent bifid cardinal process; two long, slightly diverging septa broadening 
anteriorly, no true median septum, sometimes two short lateral septa; sockets small, deep; 
long curving crenulated socket ridges. 

Type SPECIES. Leptaena ? nucleata Hall, 1857: 47. 

RANGE AND DISTRIBUTION. Lower Devonian—(Oriskany to Onondaga). N. America 
(Quebec, Ontario, New York State, ‘Tennessee, Illinois, Oklahoma, Maryland, W. Virginia); 
Europe (Belgium, Germany); N. Africa; Australia (Victoria). 


SPECIES ASSIGNED TO GENUS. 


Anoplia helderbergiae Rowe, 1913. Lower Devonian, Helderberg formation, New Scotland member, Maryland, 
U.S.A. 

Leptaena ? nucleata Hall, 1857. Lower Devonian (Oriskany to Onondaga) N. America as listed above. 

Anoplia theorassensis Maillieux, 1941 (Anoplia cf. nucleata Hall: Dahmer, 1929, 1930). Lower Devonian, Upper 
Emsian, Grauwacke de Hierges, Couvin, Belgium; Lower and Upper Coblenzian, Cultrijugatus zone, Rhine- 
land, Germany. 


DISTINGUISHING CHARACTERS. Anoplia differs from Anopliopsis in the non-develop- 
ment of an external spine row along the hinge in most species, and in having a cicatrix of 
attachment sometimes developed. In the interior of the brachial valve Anoplia has two diverg- 
ing septa, instead of a single median septum, while Anopliopsis has a median sulcus and 
numerous radial plates diverging from the umbo. Anoplia has long curving crenulate socket 
ridges bounding the sockets proximally, while Anopliopsis has very short ridges set close to 
the hinge. In Anoplia the bifid cardinal process projects above the hinge and the two lobes 
remain in contact. In the interior of the pedicle valve it has a single septum usually bifurcating 
anteriorly while Anopliopsis has several septa as in the brachial valve. The roots of spines are 
found in internal casts of Anoplia but have not been recorded from Anopliopsis. Both genera 
have smooth valves but Anoplia is semicircular in outline while Anoplopsis is rounded trigonal 
and tapers anteriorly. The differences from Tornquistia and Lissochonetes are listed under those 
genera. 


Remarks. Anoplia is described as having no spines along the hinge, but Hall & Clarke 
(1894: 293) state that ‘spine-tubes exist in one or more pairs in the substance of the pedicle 
valve’. These spine tubes did not penetrate to the outer surface of the interarea and their 
inner opening is below the interarea. This statement is amplified by Maillieux (1941: 34) who 
figured the roots of three pairs of spines obliquely directed towards the umbo in his Lower 
Devonian species Anoplia theorassensis from Belgium. (Text-fig. 10c). He stated that there 
was no trace of external spines in this species. Spine roots were also described by Dahmer (1929) 
in the species Anoplia cf. nucleata Hall from the Lower Devonian, Lower Cultrijugatus zone 
of the Eifel (probably = A. theorassensis Maillieux). Spines are, however, normally developed 
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in Anoplia helderbergiae Rowe from the Lower Helderberg formation of Maryland, U.S.A. 
In this species there are three laterally directed external spines on each side of the umbo. 
A. helderbergiae differs from A. nucleata Hall in its smaller dimensions and less lamellose 
exterior and by the development of external spines along the hinge. 

The British Silurian smooth species Chonetes laevigatus (Davidson) from the Wenlock 
Limestone and Chonetes lepismus (J. de C. Sowerby) from the Ludlow Beds differ from 
Anoplha in having a dorsal median septum. 

Decorticated specimens of Anoplia from the Lower Devonian of Ratingen, Westphalia, 
B.M., B.86758 and B.86752 were distinctly capillate. Three specimens showed the two 
valves separated but in contact along the hinge. 

The ventral umbone in some American specimens is missing, suggesting that the shell 
may have been attached to some object of support. 

Fully capillate specimens of a Chonetes occurring in the Lower Carboniferous of the Settle 
district have two diverging septa in the interior of the brachial valve, and similar shell outline 
to Anopha nucleata Hall. These may be congeneric with the finely capillate Chonetes sp. 
(possibly C. glenparkensis of Weller (1906)) figured by Weller (1914, pl. 8, fig. 55) from the 
Mississippian, Glen Park Limestone, Glen Park, Missouri, which has two diverging septa, 
and two lateral septa, prominent brachial ridges, bearing rows of elongated pustules, and an 
alveolus separating the cardinal process from the septa. Pustules in radial rows occur anterior 
to the brachial ridges. This specimen [no. 11354] and capillate exteriors with prominent 
growth lamellae were examined in the Geological Collections of the Walker Museum, Chicago 
University. 


Genus ANOPLIOPSIS Girty 


Pl. 5, figs. 1-7. 
1938 Anopliopsis Girty, p. 281. 

D1aGNosis. Small subtrigonal shells, with convex pedicle valve, no median sulcus; 
brachial valve very slightly concave; greatest width along hinge; interareas narrow; growth 
lamellae few, prominent, shell surface otherwise smooth; spines extending at high angle to 
hinge. Interior of pedicle valve with strong septum about one-third length of valve, and 
radial plates as in brachial valve; teeth minute. Brachial valve with posterior median sulcus 
and no true median septum; radial plate-like septa diverging from umbo and extending to 
anterior margin; radial rows of papillae on ears and near hinge; cardinal process minute; 
short curved socket ridges. 

T'yPE SPECIES. Chonetina subcarinata Girty, 1926: 27. 

RANGE AND DISTRIBUTION. Mississippian, Chester Series, U.S.A. (Texas, Tennessee, 
Oklahoma). 

SPECIES ASSIGNED TO GENUS. Type species only. Originally described from basal 
part of Fort Payne Chert, Waynesboro quadrangle, Tennessee, and from Ridge Top Shale of 
same; also from Moorefield Shale of Oklahoma; Boone age rocks of San Saba, Texas. 

DISTINGUISHING CHARACTERS. Anopliopsis differs from most species of Anoplia in 
having a row of spines along the hinge, and in the development of a number of radiating plate- 
like septa in the interior of the brachial valve, extending from the umbo to the anterior margin, 
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and a posterior sulcus replacing a median septum. Anoplia has two diverging septa in the 
brachial valve. Anopliopsis differs from the Permian genus Chonetina in having no sulcus in 
the pedicle valve, but resembles it in having a number of plate-like septa in the brachial valve 
interior. Notanoplia has from three to seven radiating plates in the interior of both valves and 
these have a row of pits along their summit. 

RemMarKs Anopliopsis is at present ifnperfectly known and has not been recognized outside 
the United States. 

No type specimen of A. subcarinata was designated by Girty (1926) but the specimens of 
A. subcarinata figured in 1926 and refigured by Girty in 1938 (p. 280, figs. 6, 8, 12) might be 
regarded as syntypes. 

The smooth convex pedicle valve tapering rapidly to a rounded anterior margin is rather 
comparable to that of Ambocoelia with which genus Anopliopsis has been confused. 

Girty (1938) discusses the possible relationship of this genus with Chonetina, but points 
out that no connecting links have been found so far between Anopliopsis from the Mississippian 
and Chonetina from the Permian. 

In his description of C. subcarinata Girty (1926: 27) states that the largest specimen is 
6 mm. in width but most specimens are smaller, and the length is almost equal to the width. 
The two or three spines are described as large and suberect and the shell surface is marked 
only by growth lines, often lamellose. ‘The pedicle valve is highly convex, with rarely a small 
median sulcus umbonally. The brachial valve is deeply concave and slightly flattened 
umbonally, and a short median fold corresponds to the ventral sulcus. In the interior of the 
pedicle valve there is a stout median septum umbonally while in the brachial valve the internal 
papillae or spinules become fused together to form from five to seven radial ridges or septa on 
each side. These septa are developed over the most strongly arched portion of the valve, but 
there is no true median septum and this median portion of the shell is sulcate. The ridges 
are replaced by rows of spinules anteriorly and on the ears. 


Genus CHONETINA Krotow, 1888 


Pl. 5, figs. 9-12. 


1885 Chonetella Krotow, pp. 274, 309 (non Waagen, 1884). 

1888 Chonetina Krotow, p. 500 (nom. nov. pro Chonetella Krotow, 1885). 
1892 Chonetina Krotow: Hall & Clarke, p. 310. 

1938 non Chonetina Krotow: King, p. 257. 

1938 non Chonetina Krotow: Girty, p. 283. 

1952 Chonetina Krotow: Ramsbottom, p. 13. 


D1acnosis. Shell small, pedicle valve highly convex with deep median sulcus; brachial 
valve very concave with corresponding fold; interarea in each valve; greatest width along 
hinge; umbo much incurved; shell surface smooth except for growth lines, spine row along 
hinge. Interior of pedicle valve with crowded papillae medianly. Brachial valve with plate-like 
septa formed from fused papillae; two septa bordering median depression, extending from 
umbo to anterior margin, and two or more on each flank. Other internal characters unknown. 

Type SPECIES. Chonetella artiensis Krotow, 1885. 

RANGE AND DISTRIBUTION. Permian, Artinskian. Europe. Asia. 
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SPECIES ASSIGNED TO GENUS. 


Chonetella artiensis Krotow, 1885. Permian, Artinskian, Urma on the River Sylva, near Perm, Ural Mts., Russia. 

Chonetina dalmirensis Reed, 1944. Permian, Upper Productus Limestone, Salt Range, Pakistan. 

Chonetina krotovi Fredericks, 1925 nom. nov. for C. sinuata (in part) Krotow, 1885: 276, pl. 4, figs. 22, 23 (non 19, 
20). Loc. as for C. sinuata. 

Chonetella minima Krotow, 1885. Permian, Artinskian, Korepino on the River Kolwa, Russia. 

Chonetina moelleri Tschernyschew, 1902, Lower Permian, Schwagerinakalk, Sterlitamak, Russia. 

Chonetina noenygaardi Dunbar, 1955. Permian, E. Greenland. 

Chonetella sinuata Krotow, 1885. Permian, Artinskian, Urma on the River Sylva, Russia. (In part=C. krotovi 
Fredericks 1925). 


DISTINGUISHING CHARACTERS. Chonetina is distinguished from Chonetinella from the 
Upper Carboniferous and Pennsylvanian, by its smooth shell and differences in the internal 
structure of the brachial valve. In Chonetina there are numerous plate-like septa in the brachial 
valve, and a median depression replacing the normal chonetid median septum, while in Choneti- 
nella there is a dorsal median septum and two lateral septa. 

REMARKS. The genus has been little understood and Krotow’s (1885) figures show 
faint capillation on the external shell surface. The description, however, definitely states that 
the shell is smooth. 

_ The dimensions quoted by Krotow for the type species are width 7 mm., length 6 mm., 
but specimens are said to be usually smaller. 

The generic name Chonetina has been used by authors, especially in America, for costellate 
species, now generally assigned to the genus Chonetinella. Girty (1938: 283) and King (1938: 
257) both pointed out the wrong use of Chonetina but neither proposed a new generic name. 
Dunbar & Condra (1932: 149) discussed Chonetina which they employed for the America 
Pennsylvanian species, and ignored the difference between the internal characters in Chonetina 
and the American genus now described as Chonetinella. 

The specimens identified as Chonetina flemingi vars. by Mitchell & Stubblefield (1941) 
from marine bands in the Coal Measures of England and Wales should be referred to 
Chonetinella. 

The specimens figured by Stehli (1954, pl. 19, figs. 16-18) as Chonetinella biplicata (King) 
are almost exact external homoeomorphs of Krotow’s specimens (1885, pl. 4, figs. 16, 17) of 
Chonetina artiensis. Both have a deep median sulcus bordered on either side by a prominent fold, 
but the American specimens are finely capillate while the Russian specimens are smooth. 
Unfortunately the interior of the brachial valves of C. biplicata is imperfectly known but Stehli 
says it is characteristic of the genus Chonetinella. Both species occur in the Lower Permian, C. 
artiensis in the Artinskian of Russia, and C. biplicata in the Wolfcamp or Leonard of Texas, 
U.S.A. 


Genus NOTANOPLIA Gill, 1950a : 249 
Pl. 5, figs. 8a, b; Text-fig. 11. 


DIAGNOSIS. Small shells; valves plano- or concavo-convex; hinge line a little less than 
greatest width of shell; interareas narrow or linear. Shell surface smooth except for fine 
growth lines, and rare capillation, no spines along hinge. Interior of both valves with long 
median septum and two or more accessory septa with row of pits along top of septa, same 

5 
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number in each valve; accessory septa not fused with median septum or socket ridges; hinge 
teeth strong; sockets supported by ridges extending laterally from bifid or trifid cardinal 
process; median septum not supporting cardinal process; no papillae in either valve. 


cp 





Fig. 11. Notanoplia sp. Diagrammatic 
representation of interior of brachial 
valve showing socket ridges, sr.; cardinal 
process, cp.; and diverging septa bearing 
pits along their upper margin. x 5 approx. 
Lower Devonian, Yeringian, Victoria, 
Australia (see Pl. 5, figs. 8a, ). 


Type SPECIMEN. Notanoplia pherista Gill, 19504. 

RANGE AND DISTRIBUTION. Lower and ? Middle Devonian, Victoria, Australia and 
‘Tasmania. 

SPECIES ASSIGNED TO GENUS. 
Anoplia australis Gill, 1942. Lower Devonian. Yeringian, Victoria, Australia; ? Middle Devonian, Victoria. 
Notanoplia loyolensis Gill, 1951. Lower Devonian, Loyola near Mansfield, Victoria, Australia. 


Notanoplia pherista Gill, 1950a. Lower Devonian, Eldon Group formation, Bell Shale, near Zeehan, ‘Tasmania. 
Anoplia withersi Gill, 1942. Lower Devonian. Victoria, Australia. 


DISTINGUISHING CHARACTERS. Notanoplia differs from Anoplia in having a long 
median septum in addition to pairs of accessory septa in each valve. The number of accessory 
septa varies from one to three pairs, and all may extend to the lateral margin. In Anoplia 
there are two diverging septa and two lateral septa in the brachial valve and a short median 
septum in the pedicle valve. Notanoplia resembles most species of Anoplia in having no external 
spine row along the hinge, and in having a smooth shell. 

Remarks. The species of Notanoplia differ from one another in the number of septa in 
each valve. Notanoplia australis has three septa, while N. withersi has five septa, consisting ofa 
median septum, two lateral septa and two short accessory ridges between the three long 
septa. Both species are small forms, N. australis is about 4 mm. in length and 6 mm. in width, 
while N. withersi is 3:2 mm. long and 3-8 mm. wide. 

Notanoplia has not yet been found outside Australia and New Zealand and the internal 
structure is still imperfectly known. 


Genus TORNQUISTIA Paeckelmann, 1930 
Pl. 5, figs. 17-23; Text-figs. 12A-C. 


1930 Chonetes (Tornquistia) Paeckelmann, p. 227. 
1934 Paeckelmannia Licharew, p. 509, nom. nov. for Tornquistia (non Térnquistia Reed, 1896) [1.C.Z.N. ruled that 
Tornquistia is not a synonym of Térnquistia to be spelt Toernquistia]. 
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1951 Tornquistia Bull. Zool. Nomencl. 6, p. 92. 
1952 Tornquistia Paeckelmann: Ramsbottom, p. 15. 





C 





Fig. 12. Tornquistia polita (McCoy). A. Diagrammatic representation of interior 
of brachial valve showing two diverging septa, s.; and short socket ridges near the 
hinge. BM. BB.39337. 
B. Internal cast of pedicle valve with median septum, s., represented by a slit, 
and ridges diverging from hinge, r. BM. BB.39338a. 
C. Exterior of smooth pedicle valve showing one spine extending at high angle to 
hinge. BM. BB.393388. 

All from Lower Carboniferous shales, Craigenglen, Stirlingshire, Scotland. 
x 8 (see Pl. 5, figs. 17-23). 


DracGnosis,. Shell small, pedicle valve highly convex medianly, greatest width along 
hinge; ears well demarcated; brachial valve correspondingly concave; shell smooth or faintly 
capillate when decorticated, rare growth-lines, scattered spinule apertures; row of spines 
extending at high angle to hinge. Interior of pedicle valve with short median septum, sometimes 
medianly incised; teeth minute, angular; muscle scars obscure. Brachial valve with two long 
diverging septa, median septum usually absent; sockets narrow, supported by socket ridges 
parallel to hinge; cardinal process not bilobed and having alveolus anteriorly; internal pustules 
few, in radial rows. 

Type Species. Leptaena (Chonetes) polita McCoy, 1855: 456. 

RANGE AND DISTRIBUTION. Lower and Upper Carboniferous, Europe: Visean and 
Namurian of England, Scotland and Ireland, Germany. 


SPECIES ASSIGNED TO GENUS. 


Leptaena (Chonetes) polita McCoy, 1855. Original locality—Lower Carboniferous limestone, Visean, Lowick, 
Northumberland; and from Mountrath, Queens Co., (Leix), Ireland; also from Craigenglen and Campsie 
Hills, Stirlingshire, Scotland; and recorded from Posidonienschiefer, (Visean), Germany. 

Chonetes diminituva Demanet, 1938. Upper Carboniferous, Petit Buisson Marine Band, Belgium and Cefn Coed 
Marine Band, Glamorgan, S. Wales. 

Chonetes (Tornquistia) schmiereri Paeckelmann, 1930. Lower Carboniferous, Visean, Kulm Kieselkalk, near River 
Lahn, Nassau, Germany. 


DISTINGUISHING CHARACTERS. Tornquistia is distinguished from Lissochonetes from 
the Pennsylvanian and Permian by its smaller dimensions and more medianly arched pedicle 
valve, also by differences in the internal structure of the brachial valve. There are two long 
diverging septa in Tornquistia, and a short median septum and two short lateral septa in 
Lissochonetes. Tornquistia differs from the smooth genera Anoplia from the Devonian and 
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Anopliopsis from the Mississippian, by its more convex pedicle valve and by internal differ- 
ences. Anoplia has usually no row of external spines along the hinge and has a bifid cardinal 
process, long curving socket ridges, two diverging septa and two shorter lateral septa. Torn- 
quistia has a row of spines extending at a high angle to the hinge, an undivided cardinal process 
and two long diverging septa in the interior of the brachial valve. Anopliopsis has a similarly 
convex pedicle valve, but differs in the interior of the brachial valve which lacks a median 
septum, and has a number of vertical plates diverging from the umbo and extending to the 
anterior margin. 

REMARKS. The genus Tornquistia was erected by Paeckelmann (1930) for smooth chone- 
tids, and he included Upper Carboniferous and Permian species which should correctly be 
referred to Lissochonetes or to a second Upper Palaeozoic genus. The interior of the brachial 
valve of Tornquistia is said to have two long slightly diverging septa which are characteristic 
of the genus, and a weak short median septum. The latter has not been observed in British 
specimens of the type species, 7. polita. Gallwitz (1932) recorded the species T. polita and a 
new variety var. intrapunctata from the Etroeungt Beds of the Rhineland. His species T. 
infrastriata from the same beds appears to be capillate, and to have a nearly flat pedicle valve. 
The internal characters are not described except a short septum in the pedicle valve, and spines 
are not mentioned. From the external characters the species appears to be nearer to Rugoso- 
chonetes. Schwarzbach (1949) figured two new subspecies described as Tornquistia polhta 
elevata, and T. polita horribilis both from the Namurian of a boring at Strzyzow, Poland. Both 
these are doubtfully referred to Tornquistia, since nothing is known unfortunately about the 
internal structure and if there are two long diverging septa in the brachial valve. From the 
external form and oblique spines at angle of 45° T. polita elevata appears to be nearer Lisso- 
chonetes, but the minute form of T. polita horribilis 2-2 mm. wide and 1-5 mm. long with nearly 
vertical curved spines, one 5 mm. in length, and numerous growth-lines, is certainly immature 
and is doubtfully a Tornquistia. 

Sokolskaja (1950) in her review of the Chonetidae assigned all smooth species to Torn- 
quistia [Paeckelmannia], including Chonetes lepismus (Sow.) from the British Silurian, also 
Devonian, Carboniferous, and Permian species, without any reference to internal structure. 
This appears to follow the work of Ivanov & Ivanova (1936) on chonetids. 

Dunbar & Condra (1932) discuss the genus Tornquistia as defined by Paeckelmann (1930), 
and distinguish it from their new genus Lissochonetes on the basis of external form only. ‘They 
state that Chonetes (Tornquistia) schmiereri, which Paeckelmann placed with the C. geinitzvanus 
group of Waagen, should correctly be assigned to the Tornquistia polita group of species which 
is limited to the Devonian and Lower Carboniferous, while the C. geimitzianus group 
[ = Lissochonetes] is characteristic of the Pennsylvanian and Permian. 

Ramsbottom (1952: 11) discussed the genus and the syntypes, and pointed out the differ- 
ence between this genus and Lissochonetes, Tornquistia having two long slightly diverging septa 
and usually no median septum and Lissochonetes having a short median septum in the brachial 
valve. He assigned two Upper Carboniferous species to the genus, 7. diminituva (Demanet) 
from the Petit Buisson Marine Band of Belgium. This species is about 4 mm. wide, and occurs 
also in the South Wales coalfield at Aberbaidan, Glamorgan, in Bed A of the Cefn Coed Marine 
Band, and in the Cannock area of S. Staffs., and elsewhere. This species is said to show the 
two diverging septa in the brachial valve. 7. gibbosa Dorsman which occurs in the Netherlands 
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Upper Carboniferous is recorded also at Aberbaidan, and in the Gin Mine Marine Band of 
North Staffordshire. 

Dunham & Stubblefield (1945) recorded T. polita from the Toft Gate Limestone of Cock- 
hill Adit, Greenhow area of Yorkshire. This Limestone is said to contain Orionastraea, and 
to be equivalent to the Simonstone Limestone of ‘D?’ age. 


Tornquistia polita (McCoy) 


Pl. 5, figs. 17-23; Text-figs. 12A-C 


1855 Leptaena (Chonetes) polita McCoy, p. 456, pl. 30, fig. 30. 
1930 Chonetes (Tornquistia) politus McCoy: Paeckelmann, p. 227, pl. 15, figs. 11a@—c, 12 (non fig. 13). 


DESCRIPTION. Exterior. Examples of this species are sub-trigonal in outline and may 
attain about 6 mm. in width, 5:5 mm. in length and 3 mm. in thickness, but most specimens are 
considerably smaller. The hinge when preserved entire forms the widest part of the shell. 
The venter is highly convex and slopes laterally to the large, convex, triangular ears. The latter 
are separated from the steep flanks by a shallow sulcus. The umbo is slightly incurved. The 
interareas are very narrow, and the delthyrium and pseudodeltidium are rarely seen. 

The shell is usually smooth with rare growth-lines, but decorticated specimens may appear 
faintly capillate from the rows of internal pustules showing through the test. Spines are rarely 
preserved intact, but there were probably three or four on each side of the umbo, projecting 
at an angle of about 60° to the hinge. One specimen [BB.39338] showed a fine long, slightly 
curved and almost vertical spine about 1-5 mm. in length, the shell being 3 mm. long. 

Interior. 'The internal characters of the pedicle valve are imperfectly known except from 
internal moulds. The median septum is stout and extends for one-third or one-half length of 
the valve. It may be medianly incised posteriorly. Internal moulds figured by Paeckelmann 
show two other slits diverging from the hinge at an angle of about 45° or less and correspond- 
ing to two strong ridges. These were not observed in the British specimens. The teeth are 
minute. 

The brachial valve has a minute cardinal process with anterior alveolus. Two long septa 
diverge at an angle of about 10° and extend for four-fifths of the shell length. An anteriorly 
placed median septum was very rarely observed. Two large oval adductor scars are situated 
laterally, one on the outer side of the two diverging septa. The sockets are narrow and sup- 
ported by inner socket ridges extending almost parallel to the hinge. 'The internal pustules are 
not numerous but arranged in radial rows. 

TYPE SPECIMENS. McCoy’s three syntypes are preserved in the Sedgwick Museum, 
Cambridge. The figured specimen (McCoy, 1855, pl. 30, fig. 30) (pedicle valve) [no. E.6842] 
is from Lowick, Northumberland, and is hereby selected as lectotype. A second specimen 
(brachial valve) is from Lowick [E.6843], and a third specimen (pedicle valve) is from Mount- 
rath, Queens Co., (Leix), Ireland [E.6844]. 

DISTRIBUTION. Upper Dibunophyllum zone of Elf Hill, Northumberland (B.M., 
B.42063). Four Fathom Limestone, Ryal, Northumberland (BM., B.42062); Lowick, 
Northumberland (Sedg. Mus. E.6842-6843); Scremerston, Northumberland (Hunterian 
Mus., Glasgow); ? Namurian, Wick. Gloucestershire (BM., B.51504); River Hodder, 
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Yorkshire, Pendleside Beds (BM., B.53889); Upper Visean, Campsie, Stirling (Sedg. 
Mus. E.12098-12101); Craigenglen, Stirling (BM., B.1459) (Hunterian Mus. Glasgow, 
L.308); Arbigland, Kirkcudbright (Hunterian Mus.); Mountrath, Queens Co., (Leix), Ireland 
(Sedg. Mus., E.6844). This species was recorded by Paeckelmann (1930) from the Lower 
Carboniferous, Visean, Posidonienschiefer of Aprath, Barmen and other localities near 
Elberfeld, Rhineland, Germany. It is ‘also recorded from the Culm facies of Kobbenrode, 
Sauerland and Rothwaltersdorf, Silesia, Germany. 

REMARKS. Some of the specimens assigned to this species by Paeckelmann (1930, pl. 15, 
figs. 13, 14) do not belong to Tornquistia, and the larger species T. koninckiana (von Semenow) 
(non Norwood & Pratten) figured on pl. 15, figs. 16, 17, is certainly not congeneric with 7. 
polita. Associated with Davidson’s specimens of T. polita (McCoy) from Craigenglen, Campsie 
Hills, Stirlingshire, Scotland [BB.39336] there is a single fully costate specimen with similar 
outline and highly arched pedicle valve which is not a Tornquistia. ‘The same species occurs 
also in the Carboniferous (? Namurian) of Settle, Yorkshire [B.14174] and from the Namurian 
of the River Hodder, Yorkshire [B. 53889]. Its internal structure is unfortunately unknown, 
but it may be a Plicochonetes. This form has thirty costellae at the anterior margin resulting 
from the bifurcation of about half that number just above the margin. It should probably be 
identified as Chonetes [? Plicochonetes] subminimus McCoy, described from black Carboniferous 
limestone of Derbyshire, probably Namurian. 


Subfamily RETICHONETINAE nov. 


Genus RETICHONETES nov. 
Pl. 4, figs. 7-15; Pl. 7, figs. 1, 2; Text-figs. 13A-C. 





B 


Fig. 13. Retichonetes armatus (Rigaux). A. Diagrammatic representation of 
brachial valve showing the alveolus separating septum from cardinal process; 
accessory septa, as.; rounded crenulations, cr.; cardinal process, cp.; hinge 
sockets, hs.; lateral septa, /s.; median septum, s. BM. BB.41118. 
B. Interior of pedicle valve showing hinge teeth, ht.; ridge bounding outer 
margin of diductor scars, r.; spines along margin of interarea, sp. Other letters 
as for fig. 13A. 

Both Upper Devonian, Frasnian, Boulonnais, France. x 4} approx. (see 
Pl. 4, figs. 12-15). 
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DIAGNosIs. Shell small, semicircular or subquadrate ; valves moderately to highly concavo- 
convex; hinge approximately equal to widest part of shell; pseudodeltidium and chilidium 
present; interareas at slight angle to one another, often longitudinally ridged when decorti- 
cated; ornament of fine costellae or capillae with bifurcations; growth-lines or lamellae form- 
ing more or less prominent transverse ornament; spine row extending at angle of 45°-60°, 
spine usually given off from each cardinal extremity; spinules present. Interior of pedicle 
valve with septum about one-third valve length, not continuous to umbo; teeth prominent, 
closely placed. Interior of brachial valve with small bilobate cardinal process, sometimes 
quadrilobate or externally quinquelobate; socket ridges short, diverging from hinge margin, 
lateral septa and accessory septa present; median septum sometimes anteriorly placed; no 
brachial ridges; crenulations near hinge margin. 

Type SPECIES. Chonetes armatus Bouchard-Chantereaux in de Verneuil, 1845: 241. 

“RANGE AND DISTRIBUTION. Middle and Upper Devonian to Lower Carboniferous, 
Europe (Great Britain, France, Belgium, Germany, Russia); Asia (Burma, Tibet); N. America 
(Iowa, Maryland, New York); Western Australia. 


SPECIES ASSIGNED TO GENUS. 


Chonetes armata Bouchard-Chantereaux in de Verneuil, 1845. Upper Devonian, Boulonnais, France. [Famennian 
and Frasnian, Schistes de Hure, and Calcaire de Ferques.] Also recorded from Frasnian in W. of Finistere dept., 
France, and from Middle and Upper Frasnian, Ardennes. 

? Chonetes bretzii Schnur, 1853. Middle Devonian, Rommersheim, Eifel, Germany. 

Chonetes crenulatus Roemer, 1844. Middle Devonian, Rhineland, Germany. 

? Chonetes douvillei Rigaux, 1892. Upper Devonian, Frasnian, Schistes de Beaulieu, Boulonnais, Pas-de-Calais, 


France. 
>? Chonetes hardrensis var. thibetensis Davidson, 1866a. ? Lower Carboniferous, Shigar, near Skardo, Tibet. 
Chonetes logani Norwood & Pratten, 1855. Mississippian, Kinderhook, Burlington, Towa, U.S.A. 
? Plicochonetes macropatus Veevers, 1959. Upper Devonian, Frasnian, Fitzroy Basin, Western Australia. 
Chonetes marylandicus Prosser, 1913. Middle and Upper Devonian, Maryland, U.S.A. 


Orthis minuta von Buch, 1836. [often quoted as Goldfuss but MS. only]. Middle Devonian, Blankenheim, Eifel, 

Germany; Middle Devonian, Eifelian, Morocco; Devonian, Padaukpin, Northern Shan States, Burma. 
Chonetes nana de Verneuil, 1845. Devonian, banks of River Don, near Voroneje in central Russia. 

Chonetes phillipsi T. Davidson, 1882. Middle or Upper Devonian; Lummaton, Torquay, S. Devon. 
Chonetes subcancellata F.R.C. Reed, 1908. Middle or Upper Devonian, Wetwin Shales, Northern Shan States, Burma. 
Leptaena vicina Castelnau, 1843. Middle Devonian, Hamilton Group, Ontario Co., New York. 

DISTINGUISHING CHARACTERS. Retichonetes is distinguished from Rugosochonetes by 
its more semicircular or quadrate shell outline, more prominent umbo, coarser costellate 
ornament; dorsal interarea not reflexed; and by differences in internal characters, such as the 
more anterior median septum in Retichonetes and short socket ridges sometimes fused with the 
lateral septa. It differs from Chonetes s. str. in the more reticulate ornament, and in having two 
short lateral septa and an anterior median septum instead of the three or more fine long diverg- 
ing septa in Chonetes. 

Remarks. This genus is proposed for a group of small species from the Devonian and 
Carboniferous having a semicircular shell outline, well-defined interareas, with pseudodelti- 
dium and chilidium, umbo often prominent and incurved, and more or less reticulate ornament 
formed by the costellae or capillae and numerous growth-lines in both valves. The internal 
characters of many of the species listed is unknown and they are included here from external shell 
characters only. When decorticated the interareas appear in some species to be longitudinally 
ridged, the ridges forming accessory articulation. In the type species from the Boulonnais 
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there are usually curved rows of elongate papillae diverging from the umbo and convex 
to the hinge margin. These may also have served for articulation. The shell is often silicified 
and the ornament is not as a rule very well preserved. Interiors of both valves are of fairly 
frequent occurrence. In the pedicle valve the teeth are small and simple, and set close together, 
projecting ventrally into the shell cavity. The low, short median septum does not extend to 
the umbo and may be about one-half ot less of the length of the valve. The muscle scars are 
usually obscure. 

In the brachial valve of R. armatus there is a small cardinal process, bilobed on internal 
face but trilobed or quadrilobed externally, which projects slightly above the hinge line. It is 
supported by short, rather massive, inner socket ridges which diverge slightly from the hinge. 
The sockets are deeply excavated and bounded by inner socket ridges. A shallow alveolus 
separates the cardinal process from the rather anteriorly placed fine septum. The latter is 
usually not prominent and extends about half or two-thirds of the valve length. Two 
rather broad accessory septa may run parallel and close to the median septum from near 
its anterior end or they may extend posteriorly and narrow. The two lateral septa are very 
short and diverge at an angle of about 60°. They do not, as a rule, join the median septum, 
socket ridges, or the accessory septa. There are no brachial ridges. The internal shell surface 
bears elongated papillae which may be regularly arranged. In species other than the type the 
cardinal process may be four, five or six-lobed externally, and chilidium and pseudodeltidium 
are more widely separated. 

The species Chonetes kutorganus von Semenow (1854: 351, pl. 5, figs. 11a-c) from the 
Lower Carboniferous of Altwasser, Silesia, is less convex than R. armatus, but has similar, 
fine bifurcating capillae and strong transverse ornament of growth-lines causing marked reticu- 
lation. The brachial valve and internal characters are unfortunately unknown. The spines appear 
to extend at a high angle to the hinge. 

In Chonetes minutus von Buch the cardinal process is externally quadrilobate with narrow 
triangular chilidial plates bordering the lateral margin of the cardinal process and appearing 
as two additional lobes. Chonetes minutus was figured by the Termiers (1950, pl. 84, figs. 11-13) 
as Chonetes hardrensis Phillips from the Middle Devonian, Eifelian, from the region of Aouinet 
Legra, Morocco. The longitudinal grooving of the interarea is well shown in this specimen. 

It is possible that C. aurora Hall from the Devonian, Tully (Apulia) of New York State 
could be a Retichonetes with very marked transverse ornament. 


Subfamily RUGOSOCHONETINAE nov. 


Genera. Rugosochonetes, Dyoros, Eolissochonetes, Lissochonetes, 
Mesolobus, Plicochonetes, Quadrochonetes 


Genus RUGOSOCHONETES Sokolskaja, 1950 


Pl. 6, figs. 1-9; Pl. 7, figs. 3-14; Pl. 8, figs. 3-13; Text-figs. 2a, 24. 


1950 Chonetes (Rugosochonetes) Sokolskaja, p. 23. 
1957 Rugosochonetes Sokolskaja: Campbell, p. 65. 
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Dr1aGNnosis. Shell small, valves plano- or slightly concavo-convex, pedicle valve often 
medianly inflated; greatest width near or along hinge; interareas narrow, that of brachial 
valve reflexed; pseudodeltidium and chilidium, or chilidial plates present. Shell capillate, 
many bifurcations, rare intercalations; growth-lines numerous; spines at angle of about 45° 
to 60° to hinge; spinule apertures numerous. Interior of pedicle valve with short high median 
septum continued as low ridge; teeth small, laterally elongated. Brachial valve with internally 
bifid, and externally bifid or quadrifid cardinal process; alveolus present; lateral septa 
diverging at angle of about 60°; median septum about half valve length; sockets supported 
by inner curved ridges; brachial ridges developed. Internal shell surface with radial rows 
of papillae, anterior margin capillate, or finely papillose. 

Type SPECIES. Orthis hardrensis Phillips, 1841 (in part): 138, pl. 58, figs. 1046, c, pl. 60, 
? 104*, 

RANGE AND DISTRIBUTION. Lower to Upper Carboniferous, Europe, Asia, ? Africa, 
Australia, America. 


SPECIES ASSIGNED TO GENUS. 


Chonetes aureolus Schwarzbach, 1949. Upper Carboniferous, Namurian Er, River Bug at Strzyzow, Poland, in a 
boring at 595 feet. 

Chonetes brinkmanni Schwarzbach, 1949. Boundary between Upper Visean and Namurian in boring at Strzyzow, 
Poland. 

Chonetes burlingtonensis Weller, 1901. Mississippian, Kinderhook, Burlington, Iowa; Fort Payne Chert, Alabama. 

Rugosochonetes celticus sp. nov. Carboniferous, Upper Visean and Namurian, E1, N. Wales; Scotland. 

Chonetes chesterensis Weller, 1914. Mississippian, Chester Series, Illinois. 

Chonetes cumbriensis Muir-Wood, 1931. Lower Carboniferous, C2 subzone, Bewcastle district, N. Cumberland. 

Chonetes elegans Smyth, 1922 (non de Koninck, 1847)=speciosus Cope, 1938. Lower Carboniferous, D2 subzone, 
Ballycastle, Co. Antrim, Northern Ireland. Probably also from Lower Limestone Series of Scotland. 

Orthis hardrensis Phillips, 1841 (in part). Lower Carboniferous, Upper Visean, D2, Hardraw, Yorkshire; and other 
localities in England, Scotland and Wales. 

Rugosochonetes hindi sp. nov. Upper Carboniferous, Namurian, Homoceras Age, Hudsonoceras proteum zone, Pendle- 
side Beds, Congleton Edge, Cheshire. 

Chonetes laguessiana de Koninck, 1847. Upper Carboniferous, Namurian, Schiste d’Espinois near Binche, Belgium; 
and Assise de Chokier Nm 1a, Belgium. 

Chonetes (Chonetes) laguessianus transversalis Demanet, 1938. Westphalian C, Assise de Flénu, marine horizon of 
Petit-Buisson, Belgium. 

Chonetes (Chonetes) laguessianus acutus Demanet, 1938. Westphalian C, Assise de Flénu, zone de Maurage, marine 
horizon of Petit-Buisson, Belgium. 

Chonetes (Rugosochonetes) malevkensis Sokolskaja, 1950. Lower Carboniferous, Tournaisian, DC¥P, Russia. 

Chonetes (Rugosochonetes) upensis Sokolskaja, 1950. Lower Carboniferous, Ural Mts, Russia; Nova Zemlya. 

Rugosochonetes vaughani sp. nov. Lower Carboniferous, Tournaisian, Z1 and 8 subzones, Bristol district; S. Wales; 
and Ireland. 

Rugosochonetes werriensis Campbell, 1957. Lower Carboniferous, Upper Tournaisian, Babbinboon, New South 
Wales, Australia. 

Chonetes (Rugosochonetes) znamenskensis Sokolskaja, 1950. Lower Carboniferous, C,tsch., Russia. 


DISTINGUISHING CHARACTERS. Rugosochonetes differs from Plicochonetes in its thicker 
shell, more reflexed dorsal interarea, considerably finer radial and less prominent even 
close concentric ornament. The spines in Plicochonetes extend at a higher angle than in 
Rugosochonetes. Rugosochonetes has a pseudodeltidium and chilidium or chilidial plates, 
Plicochonetes has no chilidium and the pseudodeltidium is small or absent. It differs from 
Neochonetes in having a longer median septum in the pedicle valve, less prominent vascular 
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trunks and less defined ridges bounding the outer margin of the diductor scars. In the brachial 
valve the brachial ridges and inner socket ridges are less prominent and outer socket ridges 
are developed in Rugosochonetes but not as a rule in Neochonetes. 'The spines in Neochonetes 
extend at a lower angle to the interarea than in Rugosochonetes. 

REMARKS. Rugosochonetes was described by Sokolskaja (1950) with C. hardrensis Phillips 
(1841) as type species. This species unfortunately was ill-defined by Phillips who included 
two or more forms in it. The specific name hardrensis is taken from Hardraw, Yorkshire, 
and the species as here defined is limited to this Lower Carboniferous form. 

Phillips’ species is said to occur in the Devonian of Berry Pomeroy and the Meadsfoot 
Sands in S. Devon, and from Westleigh in N. Devon. Phillips figures four specimens, PI. 58, 
figs. 104a and ? 104d (ornament) are from Westleigh [Lower Culm]; Pl. 58, figs. 104, b, c are 
from Hardraw [Yorkshire], while Pl. 60, fig. 104* is without locality but is assumed to be from 
Hardraw. ‘The Devonian forms referred to in the description are not figured. On p. 163 of the 
same work Phillips refers to Orthis hardrensis which ‘in Yorkshire lies above and at Bristol 
lies below the great mass of mountain limestone’. On another page (p. 172) he refers to the 
Yoredale rocks of the north of England and the banks of the Avon and suggests that ‘fossils 
from these shales will prove to be more comparable with fossils of North Devon and Cornwall 
than any yet found’. 

The Westleigh specimen [from the Culm] figured by Phillips (1841, pl. 58, fig. 104a, 
? 104d) is shown to be more coarsely costellate than the Hardraw specimen, with the length 
about half the width. The Hardraw specimens (PI. 58, figs. 1045, c, and ? PI. 60, fig. 104*) 
show the exterior of the pedicle valve with the fine capillate ornament and four spines on each 
side of the umbo extending at an angle of about 30°. A single spine projects from each cardinal 
extremity. The interior, possibly of the same valve, has a rounded muscle area well demarcated. 
The specimen figured by Phillips in Pl. 60, fig. 104* shows the interior of what is called the 
‘flatter valve’ though it appears to show small adductor scars enclosed between larger im- 
pressions. ‘These may possibly be intended as brachial ridges which extend incorrectly from 
the hinge margin. A small bilobate cardinal process is shown medianly but median septum, 
lateral septa and socket ridges are omitted. The dimensions of the Hardraw specimen from the 
figure are width 19:5 mm., length, 11-4 mm. This specimen is not preserved in the Geological 
Survey, London, or in the British Museum (Natural History) collections, but some of the 
Phillips specimens were found in the Oxford University Museum collections by Mr. J. M. 
Edmonds as a result of much patient curatorial research. Twelve specimens are preserved 
in a dark brown shale with scattered fine mica flakes. When first found they were in trays used 
only by John Phillips for his collections. One tray contained a label in Phillips’ handwriting 
‘Orthis hardrensis 4 specimens, J. Phillips, June 9, 1860’. These are thought by Mr. Edmonds 
to be three of the four specimens mentioned by T. Davidson (1861: 187) as: ‘Having received 
from Prof. Phillips the loan of his four best and figured examples of C. hardrensis and having 
compared these with our Scottish and other examples the result was that I could perceive no 
difference in the shape, areas and striation.’ 

In addition to these three specimens (numbered E.1569-1571) there are five specimens in a 
second tray (now numbered E.1572-1576) and a label ‘Hardraw’ in Phillips’ handwriting. 
Another tray contains four specimens (now numbered E.1577~1580) but no label. They 
appear to be from the same dark shale. There are apparently no Devonian specimens or any- 
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thing comparable to the Westleigh Culm specimen at present preserved in the Phillips 
collection at Oxford. 

Phillips’ illustrations of Chonetes hardrensis are diagrammatic and difficult to match up with 
the specimens in that author’s collection. Specimen no. E.1571, a pedicle valve which may be 
the original of pl. 58, figs. 1048, c, is selected at lectotype. The figure 104c shows the exterior 
of the pedicle valve with four spines on each side of the umbo, while fig. 104 shows the interarea 
and muscle area of the pedicle valve. The specimen no. E.1569, an internal mould of the brachial 
valve might be the original of pl. 60, fig. 104*, or specimen no. E.1574 also showing an im- 
perfect internal mould of the species may have been used in the preparation of the drawing. 
Specimen E.1569 and the other Hardraw specimens E.1570, 1572-1576 and probably also 
E.1577-1580 are regarded as paratypes. The lectotype and one of the paratypes are figured 
on Pl. 8, figs. 7-10. 

The lectotype E.1571 is 13°7 mm. wide, and 8-5 mm. long and there are 24 capillae in 
5 mm. at the anterior margin in the pedicle valve. There are three slightly curved spines still 
preserved and these extend at an angle of about 55°—60° to the hinge line, and the longest 
being 2:5 mm. in length. This specimen and two or three others are crushed and appear to 
show median lobation which suggests that it outlines the muscle area, as shown in Phillips’ 
fig. 104b. Measurements of other of these specimens are (E.1577) width 15:4 mm., length 
8-3 mm.; (E.1579) width 16.5 mm., length 9:7 mm.; (E.1573) width 18 mm., length 10 mm.; 
(E.1569) width 13-7 mm., length 8-5 mm. A smaller specimen (E.1576) has one spine in place, 
2:5 mm. in length, and extending at an angle of 65°. Internal characters are not well shown 
in any of Phillips’ specimens, but the internal mould of the two valves (E.1569) which are 
still in contact along the hinge, shows a short median septum 2-5 mm. in length in the 
pedicle valve which is 9 mm. long. Two short lateral septa diverge at 30°, the median septum 
5°5 mm. in length is elevated anteriorly and the socket ridges extend at an angle of 15° to the 
hinge of the brachial valve. There is no trace of accessory septa in any of the specimens. 

Comparison of these specimens of R. hardrensis with material from the Upper Visean of 
Yorkshire was not easy owing to their crushed and imperfect state of preservation. They were 
found to be distinct from the two forms described here as new species—R. celticus and R. hindi, 
and from R. laguessianus (de Kon.). Phillips’ specimens are comparable with material collected 
by D. Moore (1958) from the Gayle Shale of Mill Gill, Wensleydale, and with specimens 
from the Hardraw Shale at Hardraw Force, Yorkshire and preserved in the Geology Depart- 
ment, University of Leeds. The dimensions of the specimens agree with those of Phillips’ 
types and preservation is very similar. The most complete specimen examined (now in B.M. 
Coll. BB.41147) from the Gayle Shale, Mill Gill was 16 mm. wide and 9-5 mm. long. The 
specimen shows the two valves widely gaping and in contact along the hinge and preserved 
as internal moulds. This is comparable to Phillips’ specimen numbered E.1569. ‘The septum 
is 2 mm. long in the pedicle valve and 4 mm. long in the brachial valve. There are two short 
lateral septa about 2 mm. long diverging at an angle of 45° and slightly curved, and two acces- 
sory septa. The ornament in most of the specimens is very similar to that of Phillips’ types. 
In the specimen with the two valves preserved there are 23 capillae in 5 mm. near the anterior 
margin. This compares with 24 in 5 mm. in the lectotype. A second specimen from the Gayle 
Shale has one spine preserved extending at an angle of about 30° and a second one from one 
cardinal extremity also at a low angle. 


: 
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The eight specimens examined from the Hardraw Shale at Hardraw Force are all smaller 
than Phillips’ specimens and two measured were 8-9 mm. long and 13:2 mm. wide; 8-5 mm. 
long and 14:2 mm. wide. One of the specimens showed long, slightly curved spines, three on 
one side and two on the other side of the umbo, extending at about 45° to the hinge. One 
spine was 4 mm. long. There were about 30 capillae in 5 mm. near the anterior margin in the 
more finely capillate forms, and 21 capillae in 5 mm. in the coarser, more convex variety. 
Numerous bifurcations were developed on some of the specimens with rare intercalations. 
No interiors were seen. 

It seems probable, therefore, that Phillips’ specimens were obtained either from the 
Hardraw Shale or the underlying Gayle Shale of Wensleydale, Yorkshire. Both the Gayle 
Limestone and Shale and Hardraw Limestone and Shale belong to the Middle Limestone 
Group of the Yoredales of Upper Wensleydale and both limestones contain Lonsdaleia 
floriformis (Moore 1958: 94) equivalent to the D2 subzone. 

It seems possible that Rugosochonetes s. lat. is polyphyletic and includes two or three 
homoeomorphs, distinguished externally by spines set at different angles to the hinge, varying 
from a low angle and even extending along the hinge to an angle of 30-45°, and a third stock 
with long curved spines set at an angle of about 65°. It is impossible without a large collection 
of accurately zoned material, and preparation of interiors to disentangle all these forms It is 
possible that those which are posteriorly capillate and anteriorly smooth should be assigned 
to Chonetes s. str., the range of which would then be from the Lower Devonian to Lower 
Carboniferous, but the internal characters are unfortunately unknown. 

REMARKS. The small species Chonetes hardrensis var. skipseyi Currie (=C. skipseyi 
according to Dorsman, 1945) may be a Rugosochonetes. Its interior is unknown, but it has 
fine erect slightly curved spines. This species occurs in the Westphalian, Skipsey’s Marine 
Band, Ayrshire; and in the Jabeek group, Petit Buisson, Westphalian C of the Netherlands. 

Campbell (1957: 65) discussed the genus Rugosochonetes and pointed out that Sokolskaja 
(1950: 23) had selected as lectotype for C. hardrensis (Phillips) the specimen from the Visean 
of Hardraw, Yorkshire (Phillips, 1841, p. 138, pl. 58, figs. 104b-d, and that the other specimens 
from the Lower Devonian of Devon included in Phillips’ description require to be renamed. 
These Devonian specimens are apparently all lost. Campell examined specimens from the 
Hardraw area of Yorkshire but was doubtful whether any of them really agreed with Phillips’ 
species which was said to have ‘striae minutely crossed by lines of growth’. 

Campbell’s species R. werriensis from the Lower Carboniferous, Upper Tournaisian of 
New South Wales is doubtfully assigned by him to Rugosochonetes. There is no true septum 
in the brachial valve but two diverging ridges may occur, and it would appear to be nearer to 
Chonetes s. str. 

Chonetes [Rugosochonetes] aureolus Schwarzbach (1949, pl. 1, figs. 5, 6) from the 
Namurian of Poland showed four or five long slender spines on each side of the umbo in an 
excellent state of preservation, and extending at an angle of about 25° or 30° to the umbo. 


Rugosochonetes celticus sp. nov. 
Pl. 6, figs. 8, 9; Pl. 7, figs. 3-14. Text-fig. 24. 


DiaGnosis. Rugosochonetes about 19 mm. wide, 14 mm. long, and 3 mm. thick; valves 
moderately concavo-convex, body cavity thin; hinge approximately equal to greatest width of 
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shell; dorsal interarea reflexed; valves finely and entirely capillate with numerous bifurca- 
tions, about 25 in 5 mm. near anterior margin; growth-lines not conspicuous, lamellose 
anteriorly; spinule bases rare; from six to seven spines at angle to hinge of 20°-30° or 
less. 

Type SPECIMEN. Holotype in G. H. Morton Coll., in British Museum (Natural History) 
BB.41145 from the Lower Carboniferous, Visean, Upper Grey Limestone of Flint, D2 subzone, 
N. Wales. Paratypes from the same locality. BB.41144, BB.41146; Carluke, Lanarkshire, 
BB.39339-39340; Capelrig, East Kilbride, BB.41142-41143; Beith, Ayrshire, B.53892; 
Namurian, Er, Newton-on-the-Moor, Northumberland, BB.41100-41101; Upper Visean, 
Acre Limestone, Ancroft, Northumberland, B.42045-42047. 

DISTRIBUTION (at present known). Carboniferous, Upper Visean, D2 subzone or Lower 
Namurian, of North Wales (Flintshire); England (Yorkshire; Northumberland; Cumber- 
land); Scotland (Lanarkshire, Ayrshire); Ireland (Donegal). 

DESCRIPTION. The shell is semicircular in outline, larger than average for the genus, 
with the hinge approximately equal to the greatest width of the shell. The lateral margins are 
rounded and the anterior margin slightly curved or nearly straight. The interareas are well 
developed, that of the pedicle valve about twice the width of the brachial valve. The latter 
is reflexed in adult shells. The pseudodeltidium and chilidial plates are narrow, the former 
occupying the extreme apex of the delthyrium and the latter fused with the outer margin of 
the external face of the cardinal process. A chilidium is sometimes present instead of chilidial 
plates. Callus thickening at the posterior end of the ventral valve septum partly fills the 
delthyrium. 

Both valves are finely capillate, with numerous bifurcations with no regular arrangement, 
and rare intercalations. There are as a rule about 25 capillae in 5 mm. near the anterior margin 
of the pedicle valve. A variant associated with the finely capillate form has slightly more pro- 
minent and coarser capillae (about 18-20 in 5 mm.). There are six to seven spines along the 
margin of the pedicle valve interarea extending at an angle of about 20° or 30° to the hinge. 
Rarely they lie along the margin of the interarea. 

INTERNAL CHARACTERS. Interiors of both valves are rarely preserved and the valves 
appear to have been more firmly attached than in other species of this genus. 

In the pedicle valve the median septum forms a knife-edge posteriorly and is continued 
anteriorly as a low ridge for two-thirds valve length. The posteriorly placed elongate adductors 
were well defined in one specimen (PI. 7, fig. 5), but the diductors were obscure. The teeth 
are rather massive, laterally elongated, and medianly incised. 

In the brachial valve the cardinal process is bifid on both internal and external face. An 
alveolus is developed and the septum extends about two-thirds shell length, becoming more 
elevated with a serrated crest anteriorly. The lateral septa are short and prominent anteriorly 
and separate the posterior and anterior adductor scars. No accessory septa are developed. ‘The 
brachial ridges are faintly discerned in most specimens and extend to about the anterior end 
of the septum. A raised smooth area within the ridges may be a region of attachment. The 
hinge sockets are laterally elongated and rather deeply inserted between the inner and outer 
socket ridges. The inner ridges are slightly curved and extend from the cardinal process beyond 
the sockets. 

DIMENSIONS. Holotype BB.41145, maximum width 17.9 mm., along hinge 16-5 mm.; 
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maximum length 13:5 mm.; maximum thickness 2:1 mm. Paratype BM., BB.41144, maximum 
width 19:5 mm., along hinge 19:2 mm.; length 14-2 mm.; maximum thickness 2:5 mm. 

DISTINGUISHING CHARACTERS. R. celticus is distinguished from R. hardrensis (Phillips) 
by its larger dimensions, more evenly convex pedicle valve, and more concave brachial valve, 
spines extending at lower angle to the hinge, and slight internal differences. 

It differs from R. hindi sp. nov. by its larger dimensions, more convex pedicle valve, less 
numerous spines which extend at a lower angle to the hinge, slightly finer and better defined 
capillae, and less numerous spinules. It is a considerably larger form than the Namurian species 
R. laguessianus (de Koninck) in which the fine capillae bifurcate more regularly and the spines 
are more erect. 

| REMARKS. Owing to the difficulty experienced in matching up the types of R. hardrensis 
it was thought preferable to describe two new species R. celticus and R. hindi both of which 
differ from the much quoted species R. hardrensis (Phill.) and R. laguesstanus (de Koninck). 

Further collecting is needed in the higher beds of the British Lower and Upper Carboni- 
ferous in order to study the distribution and variation of these small chonetids. They will 
probably be found useful as horizon markers, with R. celticus characteristic of D2 subzone 
or Lower Namurian of N. Wales, England and Scotland, R. hardrensis, from Gayle Shale and 

| 
| 
| 














the Hardraw Limestone (D2) of Yorkshire; R. hindi characteristic of the Namurian, Pendleside 
Limestone, Homoceras Age, Hudsonoceras proteum zone and R. laguessianus from the Upper 
Carboniferous, Namurian of Belgium. 

Serial transverse sections of this species appear as 'Text-fig. 24. 


Rugosochonetes hindi sp. nov. 
Pl. 6, figs. 1-7; Text-fig. 2a. 
1901 Chonetes laguessiana Hind & Howe (in part), p. 383. 


Dr1acGnosis. Rugosochonetes, about 12 mm. wide, 9 mm. long and 1-5 mm. thick; valves 
slightly concavo-convex, body cavity thin; hinge approximately equal to greatest width of 
shell; dorsal interarea slightly reflexed; valves finely capillate with bifurcations and inter- 
calations, about 24 capillae in 5 mm. near anterior margin; growth-lines closely placed and 
prominent and lamellose anteriorly and often imbricating; spinule bases usually very numer- 
ous over entire shell, spinules sometimes preserved; about eight to ten closely placed spines 
on each side of hinge, extending at an angle of about 45°—60° to interarea. 

Type SPECIMEN. Holotype in the Wheelton Hind collection in the British Museum 
(Natural History) B.53954 from the Upper Carboniferous, Namurian, Pendleside Beds 
Homoceras Age, Hudsonoceras proteum zone, Congleton Edge, Cheshire. Paratypes from the 
same locality and collection B.53919, 53951-53953, 53955-53959, BB.20424, B.53944-53946. 

DISTRIBUTION AT PRESENT KNOWN. Upper Carboniferous, Namurian of northern 

| England (Cheshire, Northumberland, Yorkshire); Scotland (Ayrshire) ; and Wales. 

DESCRIPTION. The shell is semicircular in outline, with acute cardinal extremities when 

| complete, and hinge equal to or slightly less than the greatest width of the shell. ‘The lateral 
| and anterior shell margins are rounded. The ventral valve interarea is about twice the height of 
| that of the dorsal valve which is slightly reflexed. The well-developed pseudodeltidium is 
} 
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prominent and well raised above the level of the interarea, while the chilidium is often preserved 
at the base of the exterior face of the cardinal process. The pedicle valve is evenly convex 
along a postero-anterior contour, but the median portion of the valve is very slightly more 
convex posteriorly and flattens slightly anteriorly but is not demarcated from the lateral slopes 
along a transverse contour. The brachial valve varies in contour and may be nearly flat or be 
deeply concave. 

The ornament consists of very fine and somewhat ill-defined capillae with some bifurcations 
and intercalations in each valve. The capillae usually persist to the anterior margin. Spinule 
bases are set on the capillae and are scattered over the whole shell with no definite arrangement. 
Fine spinules, up to 2 mm. in length were preserved in some specimens and lie along the shell 
surface. ‘Transverse growth-lines may form an even ornament anteriorly and a few growth 
lamellae are developed. Spine bases along the hinge are numerous, but the spines are rarely 
seen. ‘The spines preserved extend at an angle of between 45° and 60°. 

INTERNAL CHARACTERS. The interior of the pedicle valve was preserved only in the form 
of internal moulds which showed distinctly the adductor and diductor scars, median septum, 
and vascular sinus trunks. The latter are very rarely preserved in any chonetid, and so are of 
considerable interest. The adductor scars are posteriorly placed and set close to the median 
septum. They are elongate-oval in outline, tapering posteriorly and with rounded anterior 
margin. The diductor scars taper posteriorly and expand into a broad rounded scar which is in 
close contact with the adductors. The two vascular trunks preserved emerge from the anterior 
end of the adductors and are parallel to and set close to the median septum (Text-fig. 2A) 
(Pl. 6, fig. 7). The median septum forms a high septal plate posteriorly and this is continued 
beyond half shell length as a low ridge. 

The interior of the brachial valve is very rarely preserved owing to the extreme fragility 
of the shell. The single specimen observed was imperfect but showed the narrow sockets 
supported by curved inner socket ridges and thickened outer margin of the valve forming 
narrow outer socket ridges. ‘The small cardinal process was imperfect and as preserved was not 
bifid. ‘The septum is about two-thirds valve length. It is separated from the cardinal process 
by an alveolus, and is low posteriorly and becomes a more elevated knife edge with a serrated 
edge anteriorly. The muscle scars are obscure and no brachial ridges were observed. The lateral 
septa are rather prominent anteriorly and diverge at an angle of about 45°. 

Both valves are finely papillose internally, the papillae are not arranged in regular rows 
and increase in diameter anteriorly but decrease again to form fine rows of minute papillae 
around the anterior and lateral margins. 

DIMENSIONS. Holotype. Maximum width 13-5 mm., maximum length 9:5 mm.,maximum 
thickness 0-9 mm. Paratype British Museum (Natural History) B.53955, width 11-7 mm., 
length 8-2 mm., thickness 1-8 mm. 

DISTINGUISHING CHARACTERS. Rugosochonetes hindi is distinguished from R. hardrensis 
by its considerably flatter pedicle valve, more numerous spines along hinge, and very numerous 
spinules scattered over the shell. It resembles R. hardrensis in having spines inserted at a high 
angle along the hinge. 

R. hindi is distinguished. from R. laguessianus in its larger dimensions, less convex pedicle 
valve, less prominent and slightly coarser capillae which do not bifurcate so regularly, more 
numerous spines and spinules and more prominent growth lamellae. Specimens of R. 
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laguessianus from the Namurian of Belgium were 9 mm. wide, 5 mm. long, with about 30 capillae 
in 5 mm. at the anterior margin of the pedicle valve. ‘The two valves were frequently attached 
along the hinge and the shell widely gaping and the thickness could not be measured. It is 
distinguished from R. celticus nov. in its smaller dimensions, less semicircular shell, less 
convex pedicle valve, more numerous spines and spinules. The spines in R. celticus unlike 
those of R. hindi extend at a low angle to the hinge. 

REMARKS. This species which occurs in the Namurian, H. zone, in Cheshire and York- 
shire appears to be sufficiently distinct to merit specific description. Owing to the remarkable 
state of preservation in a tough limestone at Congleton Edge the fine spinules on the exterior of 
the shell were often preserved, and the vascular trunks were observed on internal moulds of the 
pedicle valve. 

Rugosochonetes vaughani sp. nov. 


Pl. 8, figs. 4-6. 


1905 Chonetes cf. laguessiana de Koninck: Vaughan, p. 294, pl. 26, fig. 1. 
1905 Chonetes cf. hardrensis Phillips: Vaughan (in part), p. 293. 

1911 Chonetes cf. laguessiana de Koninck: Vaughan, p. 382. 

1911 Chonetes cf. hardrensis Phillips: Vaughan, p. 382. 


DraGnosis. Rugosochonetes about 16 mm. wide, 11 mm. long, and 2 mm. thick, valves 
moderately concavo-convex; hinge equal or slightly less than greatest width of shell; valves 
capillate with 25-30 capillae in 5 mm., many bifurcations and rare intercalations; growth-lines 
numerous, closely placed, forming even concentric ornament; spinule apertures present; 
about eight or more spines on each side of umbo, extending at low angle to hinge. 

Type SPECIMENS. Holotype, the specimen figured by Vaughan, 1905, pl. 26, fig. 1 as 
Chonetes cf. laguessiana from the Tournaisian, Z1 subzone of Burrington, near Wrington, 
Mendips, Somerset. Preserved in the BM.(N.H.), B.42254. Paratypes from Z1, Avon Section, 
Bristol, BM., B.41209, B.53906; from 8, Avon Gorge, Sedg. Mus., E.11751; and Z1, Burring- 
ton, Sedg. Mus., E.11545, B.M., B.53906, BB.18958; Penally, Tenby, S. Wales, B.54905. 

DISTRIBUTION. Lower Carboniferous, Tournaisian, K, 8 and Z1 subzone of the Bristol 
district, Mendip Hills, Somerset ; S. Wales; eastern Ireland. 

DESCRIPTION. The shell is subrectangular in outline with rounded cardinal extremities, 
and the hinge equal or slightly less than the greatest width of the shell. The lateral and anterior 
margins are rounded and the hinge line is straight. The interareas appear to be very narrow 
but are rarely preserved. The ornament, both transverse and longitudinal, is extremely 
fine and only visible with a lens. The capillae are evenly developed from umbo to anterior 
margin. Growth lamellae are not as a rule developed. The spines are rarely preserved since 
most of the specimens appeared to be imperfect drifted shells, often with detached valves. 
About eight fine spine bases were observed in some specimens on each side of the umbo 
extending at a low angle to the hinge. 

The internal plates and septa are seldom preserved, and most interiors are very imperfect. 
A long median septum about half or two-thirds valve length is developed in the pedicle 
valve and may be medianly sulcate posteriorly as in Protochonetes. ‘The teeth are usually not 
preserved. The adductor scars are narrow and elongated, and set close to the median septum 
while the diductors are flabellate, bounded along their postero-lateral margin by a low ridge 
and extend about half valve length. In the brachial valve the median septum is about half valve 
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length and is separated from the cardinal process by an alveolus. Two lateral septa diverging 
from one another at an angle of about 45° are also developed. No brachial ridges were observed 
and the muscle scars are obscure. 'The sockets are small and shallow, spoon-shaped and bounded 
by narrow, gently curved, inner socket ridges which diverge slightly from the hinge. The 
internal shell surface is closely and finely papillate with the papillae arranged in regular 
radial rows. They increase in diameter anteriorly but then decrease rapidly in size ending in a 
finely capillate band about 1 mm. wide round the anterior margin. 

DIMENSIONS. Holotype. B.42254. Length 10-2 mm., width 16 mm., thickness 1-5 mm. 
(shell slightly crushed). Paratypes, detached valve B.53906, length 12-5 mm., width 18-9 
mm.; B.41209, length 10-6 mm., width 17-2 mm. 

DISTINGUISHING CHARACTERS. Rugosochonetes vaughani is distinguished from R. 
celticus by its finer and more even capillate ornament (25-30 in 5 mm.) in R. vaughani and 
20-25 in 5 mm. in R. celticus, more regular transverse ornament of growth-lines, and more 
numerous spine bases along the hinge. The greatest width of the shell lies along the hinge in 
R. celticus and R. hindi but is slightly anterior to the hinge in R. vaughani. The dimensions of 
the shell are greater in R. vaughani than in R. hindi and R. laguessiana, and the interareas in 
both valves of R. vaughani are narrower and not reflexed. 

Rugosochonetes vaughani differs from Chonetes failandensis S. Smith from subzone K2 and f 
of the Bristol district in its slightly larger dimensions, finer capillae, less lamellose growth-lines, 
and different internal structure. R. vaughani has a dorsal median septum and two lateral septa 
while C. failandensis has two long diverging septa, and a very short ill-defined median septum, 
or no true median septum. R. vaughanzi is distinguished from Plicochonetes stoddarti (Vaughan) 
fromthe K1 subzonein its larger dimensions, more transverse shell, and fine capillate ornament. 
In P. stoddarti the simple costellae only occasionally bifurcate and there are prominent trans- 
verse growth-lines. 

REMARKS. Vaughan (1905: 293, expl. pl. 26, figs. 1, 2) referred to the ‘circulus of Chonetes 
cf. hardrensis Phillips’ to which he assigned the species C. cf. laguesstana de Kon. (= Rugoso- 
chonetes vaughani sp. nov.) from K, 8, and Z1; and C. cf. crassistria McCoy (= C. failandensis 
5. Smith) from K2 and £. In the description of species Vaughan (1905: 293, 294) referred to 
C. cf. hardrensis but did not give any definite description or horizon, except ‘small size, slight 
convexity and increase of ribs by forking and intercalation’, while C. cf. laguesstana described as 
having ‘flattened, strongly-transverse, rectangular shell and very fine close striae’ is said to be 
characteristic of K and Zr. 

The two species C. cf. crassistrius McCoy (= Chonetes failandensis S. Smith) and Chonetes 
cf. buchianus Dav. de Kon. (= Chonetes stoddarti Vaughan) are grouped together by Vaughan 
(1905: 294) under a separate heading, and the two species are said to grade into one another. 
These two species are, however, readily distinguished from one another by external ornament 
and internal characters, and both are distinct from Vaughan’s C. cf. laguessianus redescribed 
here as Rugosochonetes vaughani sp. nov. 

In Vaughan’s later paper (1911: 382) on Burrington Combe he referred to Chonetes cf. 
hardrensis from the Z1 subzone of Burrington and Chonetes cf. laguessianus as occurring at 
certain levels in Ki and Z1 in that region. C. stoddarti (formerly cf. buchianus) was described. 
in that paper as a distinct species from Kx of the Avon Gorge and Burrington, and was said 


to be non-transverse convex with coarse costae, often forked at the anterior margin, and having 
6 . 
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concentric ornament. The species Chonetes stoddarti Vaughan has been assigned to the genus 
Plicochonetes. It has a minute median septum in the brachial valve, and prominent ridges 
demarcating the smooth ears and diverging from the small cardinal process at an angle of 
about 30°. In the pedicle valve the median septum is about half shell length. 

In P. stoddarti (Vaughan) the spines (about five in number on each side of the umbo) 
extend at a high angle to the hinge. In R. vaughani sp. nov. the six to eight spines extend at an 
angle of 20°-45°, while in Chonetes failandensis S. Smith the spines, which are seldom pre- 
served, also emerge at a high angle. 


Genus DYOROS Stehli, 1954 : 312 
Pl. 11, figs. 1-4, 6, g-12. 


DIAGNOSIS. Small to medium-sized auriculate shells; pedicle valve moderately convex 
with broad median sulcus, brachial valve slightly concave with low median fold; greatest 
width along hinge; pseudodeltidium vestigial or absent; shell smooth except for growth- 
lines, capillate if decorticated; spines extending at angle of about 30°-45° to hinge, spinules 
present. Interior of pedicle valve with posterior callus thickening; median septum at first 
prominent then extending half or two-thirds valve length as low ridge; teeth rather massive, 
transversely sulcate. Brachial valve with small bilobate or quadrilobate cardinal process with 
anterior alveolus; median septum about two-thirds length of valve, bearing spines on summit 
anteriorly ; sockets deep; socket ridges diverging from hinge; lateral septa diverging from socket 
ridges; pustulose area on either side of median septum; brachial ridges obscure near shell margin. 
Interior of both valves with radiating rows of papillae, finely capillate near anterior margin. 

Type SPECIES. Chonetes consanguineus Girty, 1929: 409. 

RANGE AND DISTRIBUTION. Lower, Middle and Upper Permian, Leonard, Word and 
Capitan Groups, U.S.A.; ? Europe. 

SPECIES ASSIGNED TO GENUS. 

Chonetes consanguineus Girty, 1929. Permian, Leonard Group, Victorio Canyon, Sierra Diablo, Texas. 
Chonetes hillanus Girty, 1908. Permian, Capitan Group, Capitan Peak, Guadalupe Mts., Texas. 
Dyoros? magnus Stehli, 1954. Permian, Lower Leonard Group, Lower Bone Spring formation, Sierra Diablo, Texas. 

[Appears to be capillate and is assigned here to Neochonetes}. 

? Paeckelmannia sp. aft. Chonetes alatus Stuckenberg: Cooper, 1957. Permian, ? Word Group, N. of Sherman Ranch, 

Coyote Butte formation, Central Oregon. 

Chonetes subliratus Girty, 1908. Permian, Word Group, Glass Mts. Texas; base of Capitan Group, hill S.W. of 

Guadalupe Point, Guadalupe Mts., ‘Texas. 

DISTINGUISHING CHARACTERS. Dyoros is distinguished from Lissochonetes by its 
larger and more alate shell, deeper ventral sulcus and more prominent dorsal fold, by internal 
differences such as the longer anteriorly spinose dorsal median septum, the papillose areas 
on each side of the septum, and the anterior elevated papillose brachial ridges. 

It differs from Quadrochonetes in its larger dimensions, more auriculate, transverse shell 
outline, shallower and more rounded fold and sulcus, spines extending at a lower angle to 
hinge; and in internal characters of the brachial valve, such as the low median septum, lateral 
septa poorly developed, and in the longer median septum in the pedicle valve. 

REMARKS. It is probable that some of the smooth species from the Permian of other 


regions than American will be found to be congeneric. 
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According to Stehli (1954: 312) species of Dyoros are strongly transverse. The type species 
has a ventral median sulcus bordered by a broad rounded fold on each side. The brachial 
valve is concave with a median fold. The ears are large and well separated from the lateral 
slopes. The shell is smooth except for a few growth-lines. There are about eight spines on 
each side of the umbo. The interior of the pedicle valve is said to have a short, high, median 
septum posteriorly but possibly extending further as a low ridge. In the brachial valve there is a 
small cardinal process, narrow elongate sockets and socket ridges, and a low median septum 
becoming more prominent anteriorly and bearing several spines. Lateral septa are developed 
but brachial ridges are obscure, though they may be indicated by enlarged papillae which 
form a raised crescentic rim at the base of the radiating rows of papillae. 

The large species Dyoros ? magnus Stehli appears to be capillate and lacks the median 
sulcus and fold of D. consanguineus (Girty), the type species of Dyoros. It should be referred 
probably to the genus Neochonetes. 


Genus EOLISSOCHONETES Hoare, 1960 : 220 
Text-figs. 14A-C. 





Fig. 14. A. Eolissochonetes laevis (Keyes) 1888, non Davidson, 
1866b=keyesi sp. nov. and B.C.=£. bilobatus Hoare. A. Interior 
of brachial valve showing cardinal process in contact with inner 
socket ridges and alveolus. The short lateral septa are usually 
not fused with the long narrow median septum. 

B. Interior of pedicle valve of paratype, showing row of spines 
along hinge, small hinge teeth and median septum with two 
parallel main vascular trunks. 

C. Exterior of pedicle valve of holotype, showing prominent 
growth lamellae and absence of capillae. 

(After photographs by Hoare, 1960, pl. 31, fig. 16=eyest; 
fig. 18, 19 =bilobatus.) 

All Upper Carboniferous, Pennsylvanian, lower part of Des 
Moines Series. (A) from Robinson Branch Shale, Vernon co., 
Missouri, UM.13129; (B, C) from shale under Tiawah Limestone: 
B, from Henry co. Missouri, UM.13125; C, from St. Clair co., 

Missouri, UM.13122. All a 
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This genus was proposed by Hoare (1960) for a group of smooth chonetids from the 
Pennsylvanian, Cabaniss Group of S.W. Missouri. The genus is said to be derived from 
Mesolobus mesolobus decipiens which is smooth and has no median lobe. 

The description of the genus given by Hoare is:—‘The shells are subrectangular and in 
some forms bear a broad low sulcus on the pedicle valve. The cardinal extremities may be 
slightly rounded, right angled or produced.’ 

‘The interiors of both valves resemble those of Mesolobus more closely than those of Cho- 
netes. On the interior of the brachial valve a long fairly high median septum is present. Radial 
rows of papillae are also present which in some cases, where the shell is thickened, have 
been fused to form radial ridges’. 

RANGE AND DISTRIBUTION. Pennsylvanian, Lower Des Moines, Cabaniss Group, 
Missouri, Robinson Branch Shale and black shale under Tiawah Limestone; also from Morrow 
Group, Oklahoma; and Lower Pennsylvanian of Iowa. 

Type SPECIES. The type species designated by Hoare is Chonetes laevis Keyes, 1888. 
This is preoccupied by Chonetes laevis Davidson, 1866b from the Permian, Zewan Beds, 
Barus Valley, Kashmere and must be renamed. Eolissochonetes keyesi nom. nov. is proposed for 
Chonetes laevis Keyes, non Davidson. 

SPECIES ASSIGNED TO GENUS. 

Eolissochonetes keyesi nom. nov. for C. laevis Keyes, 1888. Originally described from the Lower Pennsylvanian, Des 
Moines Series of Iowa; and also recorded from the Morrow Group, Oklahoma; and from the Cabaniss Group, 
Missouri. 

Eolissochonetes bilobatus Hoare, 1960. Lower Pennsylvanian, black shale under the Tiawah Limestone, near Appleton 
City, St. Clair Co., Missouri. 

DISTINGUISHING CHARACTERS. From the author’s description and figures Eolisso- 
chonetes is distinguished from Lissochonetes by the presence of a strong median septum in the 
brachial valve and less defined brachial ridges, smaller dimensions and less marked ventral 
median sulcus. 

Remarks. Hoare claims that Eolissochonetes is intermediate between Mesolobus and 
Lissochonetes. A broad shallow sinus may be developed in the pedicle valve, but no additional 
median lobe, and the shell is smooth except for growth-lines. There are five to seven spines 
on each side of the umbo extending at an angle of about 35° or 40° to the hinge. In the interior 
of the brachial valve there is a long median septum extending almost to the anterior margin 
and more elevated anteriorly. The lateral septa and socket ridges are short. An alveolus is 
present anterior to the small cardinal process which is quadrilobate. The brachial ridges are 
scarcely distinguishable. The interiors of both valves have radiating rows of papillae. The 
ventral median septum is high posteriorly and is continued for about half valve length as a 
low ridge. The muscle scars in both valves were obscure in all figures given of the two species. 


Genus LISSOCHONETES Dunbar & Condra, 1932 : 169 
Pl. 5, figs. 24-27. 
1954 Lissochonetes Dunbar & Condra: Stehli, p. 310. 


EMENDED DiacGnosis. Small to medium-sized shells; valves slightly concavo-convex, 
sometimes with ill-defined median fold and sulcus; hinge forming widest part of shell; inter- 
areas narrow, that of brachial valve reflexed; pseudodeltidium present. 
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Shell with fine growth-lines, otherwise smooth, weathered specimens with fine radial 
markings from internal rows of pustules; spines long, extending at angle of about 35°-40° 
to hinge; spinules developed. 

Interior of pedicle valve with short median septum; short, laterally elongated teeth; 
obscure musculature, diductors possibly with outer raised rim. Brachial valve with bilobed or 
quadrilobate cardinal process with anterior alveolus; median septum variable in development, 
sometimes absent or anterior only; sockets narrow with supporting ridges extending near 
hinge; lateral septa short, not fused with septum; musculature obscure, brachial ridges well 
defined. 

Type SPECIES. Chonetes geinitzianus Waagen, 1884: 621 (=C. glaber Geinitz, 1866, 
non Hall, 1856). 

RANGE AND DISTRIBUTION. Upper Carboniferous, Europe; Asia; N. Africa; Australia; 
Pennsylvanian and Permian, N. and S. America; Asia. 


SPECIES AND SUBSPECIES ASSIGNED TO GENUS. 


Chonetes amazonicus Derby, 1874. Pennsylvanian in pebbles on beach of the Tapajos, near Itaituba, Province of Para, 
Brazil; also from Middle Pennsylvanian, Tarma Group, Quishuarani, S. Peru. 

Chonetes ambiensis Waagen, 1884. Permian, Lower Productus Limestone, Amb, Salt Range, Pakistan. 

Lissochonetes assula Chronic, 1949. Lower Permian, Copacabana Group, near Tinta, and near Huanta, Peru. 

Paeckelmannia derelicta R. H. King, 1938. Pennsylvanian, Smithwick Shale, San Saba Co., Texas. 

Chonetes geinitzianus Waagen, 1884 (for C. glaber Geinitz, 1866, non Hall, 1856). Geinitz types from Upper Pennsyl- 
vanian, Virgil Series, McKissick Grove Shale, Nebraska City, according to Dunbar & Condra (1932). It may 
also occur in slightly lower beds in Nebraska. 

Lissochonetes [ geinitzianus] geronticus Dunbar & Condra, 1932. Upper Pennsylvanian, Wabaunsee Group, and Lower 
Permian, Nebraska and Kansas. Types from Stine Shale, S.W. of Syracuse, Nebraska. [The species should 
probably be referred to the genus Quadrochonetes]. 

Lissochonetes [geinitzianus] plattsmouthensis Dunbar & Condra, 1932. Pennsylvanian, Virgil Series, Douglas Group, 
Plattsmouth Limestone, Nebraska and from Kansas, [should possibly be referred to Quadrochonetes]. 

Lissochonetes [geinitzianus] senilis Dunbar & Condra, 1932. Upper Pennsylvanian, Wabaunsee Group—Lower Per- 
mian, Americus Limestone, Nebraska. Types from Lower Permian, Bennett Shale, Nebraska. 

Chonetes laevis Davidson, 1866. Upper Permian, Zewan Beds, Barus Valley, Kashmere. 

Chonetes laevis Keyes, 1888 (non Davidson, 1866). Lower Pennsylvanian, Des Moines Series of lowa; Morrow Group 
Oklahoma. Type species of Folissochonetes Hoare, 1960 and renamed Eolissochonetes keyesi by Muir-Wood 
(see p. 75). 

Lissochonetes minutus Demanet, 1943. Upper Carboniferous, Westphalian, Wn. 3a, marine horizon of Petit-Buisson 
with Anthracoceras aegiranum, Belgium. 

? Chonetes obtusus Schellwien, 1892. Permian, Carnic Alps. 

Chonetes ostiolatus and vars. minusculus and impressus Girty, 1910a. Permian, Phosphate Beds of Park City formation, 
Wyoming and Idaho. 

Lissochonetes primarius R. H. King, 1938. Pennsylvanian, Canyon Group, Caddo Creek formation, Jack Co., 
Texas. 

Lissochonetes sinesulcus Stehli, 1954. [for Chonetes permianus R. H. King, 1930, non Shumard, 1859] Permian, Leonard 
Group, S. wall of Victorio Canyon, Sierra Diablo, Texas. 


DISTINGUISHING CHARACTERS. Lissochonetes is distinguished from Tornquistia [often 
recorded as Paeckelmannia] by its larger dimensions, different shell outline, and less convex 
pedicle valve, and by differences in the internal structure. Tornquistia has two diverging septa 
in the brachial valve instead of the single, often reduced median septum in Lissochonetes, and 
brachial ridges are well developed in Lissochonetes and absent in Tornquistia. Lissochonetes 
differs from Mesolobus in its less pronounced median sulcus and fold in each valve, the 
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absence of the additional median fold and sulcus; spines extending at a lower angle; and in the 
less prominent dorsal median septum. 

It is distinguished from Quadrochonetes by its less quadrate outline, shallower median 
sulcus, and smaller and less well-demarcated ears, with spines emerging at a lower angle to the 
hinge. 

REMARKS. A specimen near to Geinitz’s types from the Upper Pennsylvanian, Pierson 
Point Shale, Nebraska City [BM., BB.7162a] was 12:5 mm. wide, and 7 mm. long, and had 
five or six, slightly curved spines on each side of the umbo, extending at an angle of about 35° 
to the hinge. 

Geinitz’s (1866: 60, pl. 4, figs. 15-18) original description of Chonetes glaber [ = geinitzianus 
Waagen] stated that the shell is wider than long with the hinge forming the widest part of the 
shell, quadrate to semicircular in outline, with a broad median sinus. The flanks are rounded 
and ears pointed. There are five spines on each side of the small incurved umbo and these are 
directed laterally at an acute angle. ‘The shell surface is smooth but has a number of concentric 
lamellae. The teeth are strong and the ventral median septum is weak and short. The pustules 
are arranged in radial rows. The brachial valve follows the contour of the pedicle valve. The 
bilobed or quadrilobed cardinal process, rarely six-lobed on the external face, fills the delthy- 
rium. At its base is a weak median septum extending half the length of the valve, also two ridges 
(lateral septa) forming an acute angle with the median septum, and two ridges (socket ridges) 
diverging at an obtuse angle. 

C. glaber was said to occur with C. mucronatus Meek & Hayden 1858 (non Hall, 1843) 
= C. meekanus Girty in grey marl or grey-red marl near Nebraska City. 

Dunbar & Condra (1932: 169) discussed the two genera Tornquistia and Lissochonetes 
which are said to be distinct in external characters. They pointed out that Tornquistia is a 
Devonian and Lower Carboniferous genus, while Lissochonetes first appears in the Pennsyl- 
vanian and is widely distributed in the Upper Pennsylvanian and Permian. They suggested 
that Lissochonetes may have been derived from smooth species of Mesolobus. 

Kozlowski (1914: 52) described the interior of both valves of ‘Chonetes glaber’ = Lisso- 
chonetes sp. ? geinitzianus from the Upper Carboniferous [= Lower Permian] of Bolivia. The 
pedicle valve is said to have a very short median septum, about one-fifth of the length of the 
valve. This is high medianly, and less elevated and broader posteriorly. The pseudodeltidium 
is small and not always developed, while the teeth are broad and trapezoidal and separated from 
the interarea by a shallow furrow. The muscle scars are obscure. In the brachial valve the cardi- 
nal process is quadrilobate, the two median lobes in close proximity. An alveolus separates 
the process from the median septum which extends for two-thirds the length of the valve. 
The lateral septa diverge at an angle of 120° while the ridges bounding the deep sockets 
diverge anteriorly at an angle of about 50°. Brachial ridges are not mentioned. The surface of 
both valves is covered by tubercles in radial rows. They increase in size medianly and then 
decrease in size again on the anterior and lateral margins. 

The small laterally elongated species Chonetes gibbosus Dorsman (non Hall, 1857) from the 
Upper Carboniferous, Westphalian, Petit Buisson horizon, Netherlands, may be a Lissochonetes. 
It has a slight anterior sulcus. The internal characters are unfortunately unknown. Rams- 
bottom (1952) assigned the species to Tornquistia but unless the interior of the brachial valve 
has two diverging septa this identification cannot be confirmed. 
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Genus MESOLOBUS Dunbar & Condra, 1932 : 134, 159 
Pl. 9, figs. 1-9. Text-figs. 154, B. 


=r 





Fig. 15. Mesolobus mesolobus (Norwood & Pratten). A. Diagrammatic represen- 
tation of interior of brachial valve showing alveolus, a.; adductor muscle scars, 
ad.; brachial ridges, br.; cardinal process, cp.; lateral septa, /s.; median septum, 
s.; and socket ridges, sr.; BM. BB.77819. 
B. Interior of pedicle valve showing the adductor muscle scars, ad.; hinge teeth, 
ht.; ridge bounding posterior margin of diductor scars, 7.; spine bases, spb.; 
internal spine openings, so.; vascular trunks, vt.; BM. BB.77817. 

Both from Upper Carboniferous, Pennsylvanian, Des Moines Series, 
Belleville, Illinois. x 6 approx. (see PI. 9, figs. 2, 7). 


1933 Mesolobus Weller & McGehee, p. 109. 


EMENDED DIAGNOSIS. Small shells; valves moderately concavo-convex, with sulcus 
in pedicle valve often bearing median fold, and fold of brachial valve with corresponding median 
sulcus; dorsal interarea reflexed; pseudodeltidium and chilidial plates or chiliditum present; 
shell capillate or smooth, often lamellose; spines fine, extending at angle of about 30°-45° to 
hinge; spinules numerous. 

Interior of pedicle valve with high median septum posteriorly, but continued as low ridge 
half valve length; teeth wedge-shaped; two short lateral ridges sometimes developed; internal 
shell surface with radial rows of papillae sometimes uniting to form serrated ridges. Brachial 
valve with small bilobed cardinal process, projecting internally, trilobed or quadrilobed, with 
narrow chilidial plates, on external face; median septum long, well separated from cardinal 
process, becoming elevated and often serrated near anterior margin; lateral septa curved; 
adductor muscle scars obscure; sockets narrow, elongated; inner socket ridges extending more 
or less parallel to hinge. 

Type Species. Chonetes mesolobus Norwood & Pratten, 1855*: 27. 

DISTRIBUTION AND RANGE. Upper Carboniferous, Europe; Pennsylvanian, U.S.A. 
(Indiana, Iowa, Idaho, Illinois, Missouri, Ohio, Kansas, Texas, Oklahoma). 


* Weller & McGehee (1933) state that the types now lost were smooth forms obtained from a higher horizon in the Lower 
Pennsylvanian than the capillate forms, which these authors renamed M. striatus. The variety described by Dunbar & Condra 
(1932) as Mesolobus mesolobus lioderma is taken by these authors as the typical form to be known as Mesolobus mesolobus 


s. str. : 
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SPECIES AND SUBSPECIES ASSIGNED TO GENUS. 


Chonetes lobatus Schellwien, 1892 (non Grunewaldt, 1860) Permian, Krone, Carnic Alps. 

Chonetes mesolobus Norwood & Pratten, 1855. Lower Pennsylvanian. The original localities quoted are Belleville, 
Illinois and Charbonniere, Missouri. 

Chonetes mesolobus var. decipiens Girty, 1911. Pennsylvanian, Wewoka formation Atoka quadrangle, Oklahoma; 
Des Moines Series, Strawn formation, Texas; Cherokee Shale, Iowa and Missouri. (Assigned to Eolissochonetes 
by Hoare, 1960). 

Chonetes mesolobus var. euampygus Girty, 1911. Pennsylvanian, Des Moines Series, Wewoka Shale, Oklahoma; 
Strawn formation, Texas; Cherokee Shale, Missouri; also occurs in Iowa and Kansas. 

Chonetes mesolobus var. inflexus Girty, 1927. Pennsylvanian, Millsap Lake formation equivalent, Colorado River 
valley; Wells formation, Idaho. 

Mesolobus mesolobus var. lioderma Dunbar & Condra, 1932. Pennsylvanian, Des Moines Series, Strawn formation, 
Texas; Fort Scott Limestone, Iowa; Cherokee Shale, Missouri. (See note under type species). Examples of this 
form were selected as neotypes identified by Weller & McGehee (1933) as Mesolobus mesolobus s. str. from Western 
Illinois. 

Mesolobus rochellensis R. H. King, 1938. Pennsylvanian, Des Moines Series, Millsap Lake Group, McCulloch Co., 
Texas. 

Mesolobus striatus Weller & McGehee, 1933. nom. nud., Hoare, 1960. Pennsylvanian. [Lampasas Series equivalent] 
Seville Limestone, Western Illinois (name proposed for capillate forms but no locality or description of species 
given, probably=C. mesolobus var. inflexus Girty, 1927). Described and figured by Hoare, 1960. 


DISTINGUISHING CHARACTERS. Mesolobus is distinguished from Lissochonetes by the 
deeper sulcus in the ventral valve with its median fold, and corresponding fold with median 
sulcus in the brachial valve. The shell in Mesolobus may be capillate but tends to become 
smooth in the gerontic state, or wholly smooth forms may occur, for example, in Mesolobus 
decipiens (Girty). (Described as C. mesolobus var. decipiens). When the shell is decorticated 
it may appear to be capillate. In Lissochonetes the shell is always smooth. The dorsal 
median septum of Mesolobus is more strongly developed and extends more anteriorly than that 
of Lissochonetes. It differs from Chonetinella in having an additional median fold and sulcus 
within the primary ventral sulcus and dorsal fold; in the slightly higher angle of spines with 
hinge; and in having a longer dorsal median septum extending from some distance below the 
cardinal process. 

REMARKS. Weller & McGehee (1933) pointed out that Norwood & Pratten’s types were 
smooth forms and not capillate as originally described. The smooth forms are said to occur 
at a higher level in the Lower Pennsylvanian than the capillate forms, and are found in the 
Liverpool up to the Gimlet cyclothegm of Illinois, in the Marmaton Group of Iowa, Missouri, 
Kansas and Oklahoma, and in beds above the Brazos Conglomerate in Texas. The striated 
forms are found in the Seville Limestone of Western Illinois, and from horizons low in the 
Pennsylvanian in Indiana, Iowa, Missouri and Oklahoma. The lower beds containing capillate 
forms do not occur at or near the two localities for Chonetes mesolobus mentioned by Norwood 
& Pratten, hence the assumption by American authors that the type specimens, now lost, 
must have been smooth forms. 

The species Mesolobus rochellensis King, and the subspecies M. mesolobus euampygus 
(Girty) and M. mesolobus decipiens (Girty) are smooth forms. The name M. striatus was 
proposed by Weller & McGehee (1933) for the capillate species, and is listed in the 
Correlation Table of the Pennsylvanian (1944) as characteristic of the Lampasas Series. 
Mesolobus mesolobus is given as one of the characteristic fossils of the overlying Des Moines 
Series. 


——————————— 


cee cae acca 
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Girty (1915: 63) had previously described two smooth varieties of M. mesolobus from the 
Wewoka formations of Oklahoma, and had stated that the typical form is capillate. The 
specimens described as Chonetes mesolobus var. euampygus are said to show traces of capillation, 
but specimens of C. mesolobus var. decipiens are said to be smooth and rarely bear any spinule 
apertures. Spinules occur commonly in the capillate species. 

Ivanov & Ivanova (1936) figured and described Chonetes mesolobus Norwood & Pratten 
from the Upper Carboniferous, CIII 0, of the Moscow Region. The specimens figured are 
prominently capillate, larger than typical, and have a low rounded median ridge within a rather 
broad median sulcus. There are said to be 80-100 capillae at the anterior margin. The genus 
Mesolobus was not adopted by Ivanov & Ivanova (1936). 

The shell is often thickened in the gerontic stage, capillation becomes very irregular and 
often discontinuous, growth-lines or lamellae become much accentuated. Spinule apertures 
are numerous, and occur over the whole shell including the lamellose layers where capillae 
are absent. The pseudodeltidium is small and acutely triangular, occupying the posterior 
part only of the delthyrium. 

It is not known whether the small boss limiting the outer end of the sockets is often 
developed. It was well seen in the specimens from the Pennsylvanian of Wanensburgh, 
Missouri, in the geological collections of the Museum of Comparative Zoology, Harvard. 
The sockets are narrow, elongated laterally and supported by inner socket ridges which extend 
halfway to the cardinal extremities. The cardinal process is always small and internally bilobed, 
but externally trilobed or quadrilobed with the chilidial plates forming a narrow lateral margin 
to the external face, or a chilidium is seen at the base of the exterior face. In the latter case the 
cardinal process exterior face may be bilobate only. An alveolus may be developed. The 
septum arises two or three millimetres anterior to the cardinal process and is at first broad, 
then tapers, becomes more elevated, and often serrated, and extends almost to the anterior 
shell margin. The lateral septa are curved and well separated from the median septum. Small 
oval adductors are enclosed between septum and lateral septa. A group of coarse pustules, 
which unite to form radiating markings, occurs at the anterior end of the lateral septa and is 
set on two rounded humps. There is no prominent curved brachial ridge as occurs in Neo- 
chonetes and Lissochonetes. Similar radiating markings were seen in the types of Mesolobus 
rochellensis R. H. King from the Pennsylvanian, Millsap Lake Group, McCulloch Co., Texas 
(Nos. K.1722 Peabody Museum, Yale). 

Considerable variation was noticed in the prominence of the median fold relative to the 
height of the lateral slopes. Sometimes the fold and lateral slopes were of the same height, 
or the fold was sunk below or raised above the flanks. These variants are probably characteristic 
of different horizons in the Pennsylvanian. Most of the material examined was unfortunately 
not zoned. 

Specimens from the higher beds tend to lose the additional fold and sulcus and to come 
nearer to Lissochonetes, Eolissochonetes and Dyoros. 

All the specimens figured on Plate g have been assigned to the species Mesolobus 
mesolobus (Norwood & Pratten) sens. lat. since it is still uncertain whether this species 
is capillate (according to Girty, 1915), or smooth (according to Weller & McGehee, 


1933). 
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Genus PLICOCHONETES Paeckelmann, 1930 : 222, 306, 311 
Pl. 15, figs. 1-11 


1950 Plicochonetes Paeckelmann: Sokolskaja, p. 68. 


EMENDED DIAGNOSIS. Small to medium size, thin-shelled; brachial valve concave, 
pedicle valve convex, often medianly arched; interareas narrow; ears well developed; pseudo- 
deltidium small or absent; shell finely costellate or costate, costae simple or rarely bifurcating, 
few intercalations; ears smooth; spines slightly curved, extending at high angle to hinge; 
spinules developed; growth-lines numerous, even, regular. Interior of pedicle valve with short 
septum; teeth laterally elongated; pear-shaped adductors surrounded by short flabellate 
diductors. Brachial valve with internally bilobed and externally quadrilobed cardinal process; 
median septum absent or half shell length; sockets small, with short inner socket ridges; 
lateral septa short, not fusing with median septum, separating adductor scars; brachial ridges 
sometimes well defined. Internal shell surface finely papillose, costate around anterior margin. 

TYPE SPECIES. Chonetes buchianus de Koninck, 1843: 208; 1847: 218. 


DISTRIBUTION. Devonian and Lower Carboniferous, Europe, Asia, N. America, 
? N. Africa, Australia. 


SPECIES AT PRESENT ASSIGNED TO GENUS. 

Chonetes billingst Clarke, 1907. (for C. latecosta Hall of Billings 1874) Grande Gréve Limestone, Grande Greve, 
Quebec, Canada. 

Chonetes buchianus de Koninck, 1843. Lower Carboniferous, Visean, Europe (England, Ireland, Scotland, Belgium). 

Chonetes crassistrius McCoy, 1844. Lower Carboniferous, Visean, Bundoran, Donegal, Ireland. 

Chonetes davousti Oehlert, 1886. Lower Devonian, Sablé, Sarthe; Mayenne, France. 

Chonetes elegans de Koninck, 1847. Lower Carboniferous, Tournaisian, Tournai, Comblain-au-Pont, also from 
Chanxe and Maffles near Ath, Belgium. 

Chonetes glenparkensis Weller, 1906, 1914. Mississippian, Kinderhook, Glen Park and Chouteau Limestone, Missouri. 

Chonetes interstriatus Davidson, 1861. Lower Carboniferous, Visean, England (Yorkshire). 

Chonetes margaritaceus Whidborne, 1898. Upper Devonian, Pilton Beds, Roborough; also from Pilton; Braunton and 
Croyde, N. Devon; Etroeungt Beds, Rhineland, Germany. 

Chonetes mcmahoni Reed, 1922. Upper Devonian, Ak Baital, Pamirs, Asia. 

Chonetes stoddarti Vaughan, 1911. (=C. cf. buchiana de Koninck: Vaughan 1905). Lower Carboniferous, Tour- 
naisian, K and Z1 subzone, Bristol district, Somerset. 

? Chonetes subminimus McCoy, 1852. ? Lower or Upper Carboniferous, Settle, Yorkshire; Craigenglen, Campsie 
Hills, Stirling; Namurian, Pendleside Beds, River Hodder, Yorks. 

Plicochonetes waldschmidti Paeckelmann, 1930. Visean, Posidonienschiefer, Aprath, Germany. 

Plicochonetes waldschmidti auriculatus Schwarzbach, 1949. Upper Carboniferous, Namurian, Er, boring, Strzyzow, 
Poland; shales, upper P2 age, Stanhope, Co. Durham. 


REMARKS. Paeckelmann (1930) gave a very poor definition of this genus, and omitted all 
reference to internal characters. The genus was to replace the group of ‘Plicosae’ de Koninck — 
(1847). 

It is probable that many Devonian and Carboniferous species having few simple costae, 
numerous, closely placed growth-lines forming regular ornament, spines set at a high angle to 
the hinge, and a median septum in each valve, will have to be assigned to this genus. Sokolskaja 
(1950) assigned the species Chonetes nanus de Verneuil (Devonian), C. elegans de Koninck 
(Tournaisian), C. tricornis Semenow and C. waldschmidti Paeckelmann (Visean) to Plicochonetes. 

The type species Chonetes buchianus de Koninck originally described from the Lower 
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Carboniferous of Visé, Belgium, is said by de Koninck (1847) to be up to 12 mm. in length, and 
the width to be about twice the length, the greatest width occurring along the hinge. The 
valves are concavo-convex, the shell thin and the body cavity small. ‘There are 8 or 10 slightly 
curved, long spines along the hinge, and 22-24 simple costae with two or three bifurcating. 
The costae are prominent and are separated by sulci of the same width. De Koninck states 
that there is a well developed dorsal median septum, and prominent hinge teeth. 

In examples of this species from Settle, Yorkshire, the shell is up to 24 mm. in width and 
12 mm. long. The total number of costae varies from 15 to 18 and bifurcations are rare. The 
ears are smooth. Spines are usually poorly preserved along the hinge. Five or six are developed 
on each side of the umbo and appear to extend at an angle of 55°-70° to the hinge. Spinule 
apertures are visible. Internal characters are still imperfectly known and are rarely preserved. 
Davidson (1861, pl. 47, figs. 5, 6) figured the interior of both valves from Malham Moor, 
Yorkshire. The brachial valve has a median septum half the valve length, with the lateral septa 
diverging at an angle of 45°, and short curved socket ridges support the bilobed cardinal pro- 
cess. The brachial ridges are well defined. There is a median septum about one-third valve 
length in the pedicle valve, and short oval adductors are enclosed within longitudinally striated 
flabellate diductors. Four spines are shown on each side of the umbo in Davidson’s figure. 
A fragment of a brachial valve BM., B.20509 from Hunt Pot, Horton, Yorkshire, shows a 
posteriorly broad, medianly incised septum which tapers anteriorly and appears to be half 
valve length. The two sets of pear-shaped adductors can be distinguished, the posterior scars 
extending laterally on a level with the posterior end of the anterior adductors. 

Schwarzbach (1949) figured two subspecies of Plicochonetes as Plicochonetes waldschmidti 
waldschmidti Paeckelmann and a new form P. waldschmidti auriculatus from a boring in the 
Namurian Ex at Strzyzow, Poland. The specimens of P. waldschmidti auriculatus are of small 
dimensions and may be immature. They are finely costellate, the costellae simple or bifurcating 
(30 in a width of 5 mm.) with numerous close growth-lines, and spines are shown as vertical 
near the umbo and oblique at an angle of about 30° to the hinge near the cardinal ex- 
tremities. 

Gallwitz (1932) recorded Plicochonetes margaritaceus from the Etroeungt Beds of the Rhine- 
land. His species P. cromfordensis from the same beds with fine capillae and many bifurcations 
appears to be nearer to Rugosochonetes. The small species figured by Von Semenow (1854: 
349, pl. 5, figs. 6a—-c) as Chonetes tricornis Von Semenow from the Lower Carboniferous of 
Altwasser, Silesia, resembled Plicochonetes ? subminima (McCoy) in shell outline, and is also 
finely capillate but appears to be less convex. The brachial valve and internal characters are 
unknown. The spines are long and almost erect. 


Genus QUADROCHONETES Stehli, 1954 : 309 
Text-figs. 16A, B. 
1932 Lissochonetes Dunbar & Condra, p. 169 (in part). 


EMENDED DIAGNOSIS. Small quadrate shells, valves strongly concavo-convex, dorsal 
fold prominent and deep angular ventral sulcus; ears well demarcated ; ventral umbo incurved ; 
shell smooth, spines extending at angle of about 75° to hinge. Interior of pedicle valve with 








84 MORPHOLOGY AND CLASSIFICATION OF CHONETOIDEA 


short, stout median septum and curved ridges diverging from teeth. Interior of brachial valve 
with small cardinal process and anterior alveolus; median septum low, about half valve 
length; lateral septa short; sockets narrow, elongate, supported by short, slightly curving 
socket ridges; brachial ridges obscure or absent; papillae in radiating rows in both valves. 








B 


Fig. 16. Quadrochonetes girtyi Stehli. A. Diagrammatic representation of interior 
of brachial valve showing the short breviseptum, lateral septa, elongated sockets 
and short socket ridges. AMNH.27298/1:1. 
B. Exterior of pedicle valve with spines restored. AMNH.27298/1: 4. 

Both Lower Permian, Leonard Group, Sierra Diablo, Texas. x 44. (After 
Stehli, 1954, pl. 19, figs. 23, 26.) 


TYPE SPECIES. Quadrochonetes girtyi Stehli, 1954. (nom. nov. for Chonetes quadratus 
Girty, 1929, non Chonetes uralica quadratus Nikitin, 1890, non C. quadratus R. E. King, 
1931). 

RANGE AND DISTRIBUTION. Pennsylvanian and Lower and Middle Permian, U.S.A., 
Nebraska; Kansas; Leonard and Word Groups, Texas; Kaibab formation, Arizona; possibly 
also from Artinskian of Russia. 


SPECIES ASSIGNED TO GENUS. 

Lissochonetes geinitzianus var. geronticus Dunbar & Condra, 1932 (as distinct species Quadrochonetes geronticus). 

Upper Pennsylvanian—Lower Permian, Nebraska, Kansas, U.S.A. 

Lissochonetes geinitzianus var. plattsmouthensis Dunbar & Condra, 1932 (as distinct species Quadrochonetes platts- 
mouthensis). Pennsylvanian, Virgil Series, Plattsmouth Limestone, Nebraska; and in Kansas. 
Quadrochonetes girtyt Stehli, 1954. (=C. quadratus Girty, 1929 preocc.) Lower Permian, Leonard Group, Victorio 

Canyon, Texas. 

Chonetes quadratus King, 1931 (non Girty, 1929) Permian, Word Group, Glass Mts., Texas; Kaibab formation, 

Grand Canyon, Arizona. 

DISTINGUISHING CHARACTERS. Quadrochonetes is distinguished from other smooth 
chonetids by its more quadrate shell outline and deep median ventral sulcus, prominent 
median dorsal fold and well demarcated flat ears. It is considerably smaller than most species 
of Lissochonetes and has a more angular and quadrate shell outline. Some of the species 
described by Dunbar & Condra (1932) as Lissochonetes should be identified as Quadrochonetes 
(see p. 77): 

It differs from Dyoros in its smaller dimensions, more quadrate shell outline, flatter and 
better defined ears, spines extending at a higher angle to the hinge, and in differences in internal 
structure, such as a shorter dorsal septum, and lack of a pustulose area on each side of it. 
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REMARKS. This genus is at present not known outside Texas, but will probably be found 
in other deposits of Lower Permian age. The specimen figured by Krotow (1885, pl. 4, fig. 23) 
as Chonetella [= Chonetina] sinuata var. from the Lower Permian, Artinskian, of Urma on the 
River Sylva, Russia, probably belongs to Quadrochonetes. 'The shell outline and dimensions are 
comparable but it could, of course, be an external homoeomorph, and the internal characters 
may prove to be quite different from those of Quadrochonetes. 

This genus is described by Stehli (1954) as having a strong convex pedicle valve with deep 
broad angular median sulcus, bordered by an angular fold. The brachial valve is concave 
with a corresponding median fold. The ears are well demarcated and the pedicle valve umbo 
overhangs the hinge line. Both valves are smooth with occasional growth-lines. There are 
about seven spines on each side of the umbo, extending at a high angle to the hinge. The interior 
of the pedicle valve is said to have a high, short median septum and radiating rows of fine 
papillae. In the brachial valve the median septum is low or absent, the sockets are elongate and 
brachiophores [lateral septa] are present but poorly developed. The papillae are very fine and 
never form a prominent raised ridge around the visceral disk. 

Only one species, Chonetes quadratus Girty, 1929, non Nikitin, 1890, non R. E. King, 
1931, =Q. girtyi Stehli, was assigned to the genus. 


Subfamily CHONETINELLINAE nov. 


Genera. Chonetinella, Neochonetes nov., Waagenites. 


Genus CHONETINELLA Ramsbottom, 1952 : 13 
Pl. 9, figs. 10-17. 


_ Chonetina (auctt. in part). 
1938 Chonetina Krotow: King, p. 257. 
1938 Chonetina Krotow: Girty, p. 283. 


EMENDED DraGnosis. Shell small, pedicle valve convex, with deep median sulcus 
causing bilobation of shell, and sometimes with prominent ridges bordering sulcus; brachial 
valve concave with corresponding fold; pseudodeltidium and chilidium rudimentary or absent; 
dorsal interarea often reflexed. Ornament of capillae bearing fine spinule bases; growth-lines 
prominent and sometimes crowded anteriorly; spines extending at low angle to hinge. Interior 
of pedicle valve with laterally elongated teeth; low median septum less than half valve length. 
Brachial valve with small bilobed cardinal process with anterior alveolus separating it from 
anteriorly elevated median septum; long socket ridges almost parallel to hinge in contact 
with short lateral septa; brachial ridges well defined extending along anterior margin and 
recurved at sharp angle; endospines in both valves in radial rows, coarse on ears, replaced by 
capillae or rows of fine papillae around shell margin. 

Type SPECIES. Chonetes flemingi Norwood & Pratten, 1855: 26. 

RANGE AND DISTRIBUTION. Upper Carboniferous, Europe (Great Britain in marine 
bands). Pennsylvanian, U.S.A. and S. America; Lower Permian, Asia (India); U.S.A., 
(Texas). 


e 


86 MORPHOLOGY AND CLASSIFICATION OF CHONETOIDEA 


SPECIES ASSIGNED TO GENUS. 

Chonetes biplicatus R. E. King, 1931. Lower Permian, Wolfcamp Group and Leonard Group, Sierra Diablo and Glass 
Mts., West Texas, U.S.A. 

Chonetes blanfordi Reed, 1925. Lower Permian, Yarkhun R., near Baroghil Ailak, Chitral, Asia. 

Chonetes flemingi Norwood & Pratten, 1855. Upper Pennsylvanian, types from Missouri Series, Kansas City 
or Lansing Groups (according to Dunbar & Condra, 1932) from shale, 10 miles N.W. of Richmond, 
Missouri. ‘ 

Chonetes flemingi var. alata Dunbar & Condra, 1932. Pennsylvanian, Kansas City and Douglas Groups, U.S.A. 
(Nebraska, Kansas, Missouri). Also recorded by Mitchell & Stubblefield (1941) from the Westphalian, Overseal 
Marine Band of S. Derbyshire. 

Chonetes flemingi var. crassiradiata Dunbar & Condra, 1932. Pennsylvanian, Des Moines Series, Cherokee Shale, 
U.S.A. (Iowa and Missouri). Also recorded from Westphalian, Cefn Coed Marine Band, Wales. 

Chonetes flemingi var. plebeia Dunbar & Condra, 1932. Pennsylvanian, Kansas City-Lansing Group, U.S.A. (Missouri, 
Nebraska, Iowa, Kansas). 

? Chonetes latesinuata Schellwien 1892. ? Permian, Carnic Alps. 

Chonetes papilioniformis Newell, 1934. Pennsylvanian, Upper Missouri Series, Wyandotte Co, Kansas, U.S.A. 

Chonetina (?) primitiva R. H. King, 1938. Pennsylvanian, Strawn Series, Mineral Wells formation, Palo Pinto Co., 
Texas. 

Chonetina robusta R. H. King, 1938. Lower Pennsylvanian, ? Millsap Lake formation (= Strawn formation), McCul- 
loch Co., Texas. 

Chonetina ? rostrata Dunbar & Condra, 1932. Upper Finis Shale, Cisco Group, Texas; Wewoka Shale, Oklahoma, 
Lansing Group, Oklahoma, U.S.A. 

Chonetes spinoliratus R. E. King, 1931. Lower Permian, Wolfcamp formation, Glass Mts., ‘Texas. 

Chonetes spinoliratus diabloensis R. E. King, 1931. Lower Permian, Hess formation, Sierra Diablo, ‘Texas. 

Chonetes verneuilianus Norwood & Pratten, 1855. Upper Pennsylvanian, Missouri Series, Lansing Group, U.S.A. 
(Oklahoma, Missouri, Nebraska). 

Chonetina verneuiliana var. obscurus Lintz, 1958. Pennsylvanian, Conemaugh formation, W. Maryland, U.S.A. 

Chonetina verneuiliana var. wyandottensis Newell, 1934. Pennsylvanian, Upper Missouri Series, Kansas City 

_ region, Missouri and Wyandotte Co., Kansas, U.S.A. 

Chonetes victoriana Girty, 1929. Permian, Leonardian, Bone Spring formation, Sierra Diablo, Texas, U.S.A. 


DISTINGUISHING CHARACTERS. Chonetinella is distinguished from Chonetina in having 
a capillate instead of smooth shell, and in differences in the interior of the brachial valve as 
described under Chonetina. The two genera are similar in external form, but must be regarded 
as homoeomorphs. It differs from Neochonetes, also from the Pennsylvanian, in having a more 
marked ventral median sulcus, often bordered by prominent ridges, giving the shell a bilobate 
appearance, in its smaller dimensions, and in minor differences in internal characters of both 
valves, such as the shorter median septum in the pedicle valve, less prominent diductor 
muscle scars, and absence of outer socket ridges. 

REMARKS. Ramsbottom (1952) gave no detailed description of the internal characters of 
this genus, and stated only that there is a single septum in the pedicle valve and three septa 
in the brachial valve, the median one being longer than the two lateral ones. He omits all 
reference to the inner socket ridges which are well developed in this genus and extend as slightly 
curved plates nearly parallel to the hinge. 'The adductor scars are divided by the lateral septa, 
the posterior scars are enclosed between the inner socket ridges and the outer side of lateral 
septa, and the anterior scars between the median septum and the inner margin of the lateral 
septa. The brachial ridges are prominent and form curved ridges which may be very anteriorly 
placed. The dorsal median septum extends half or two-thirds of the length of the valve, and 
may be anteriorly enlarged. It is separated from the short bilobed cardinal process by an alveo- 
lus. The internal surface is finely papillose and capillate around the anterior and lateral 
margins. 
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The exterior shell surface is very finely capillate, about six to seven capillae in 1 mm., 
and is anteriorly lamellose. The spines may number from eight to nine on each side of the 
umbo extending at alow angle, and those more laterally placed may overlap one another. Spinule 
apertures are usually numerous in both valves. ‘The ears are large and well demarcated, and 
the ventral median sulcus increases in width and depth anteriorly causing marked bilobation 
of the shell. There is a corresponding dorsal median fold. 

Chonetinella was recorded by Ramsbottom (1952) from the British Upper Carboniferous, 
similis-pulchra zone ; Cefn Coed Marine Band; Crofts End Marine Band, Winterbourne bore- 
hole, Bristol coalfield; and Overseal Marine Band, S. Derbyshire; Picton Point Marine Band, 
Pembrokeshire, modiolaris zone. 


Genus NEOCHONETES nov. 
Pl. 10, figs. 8-15; Pl. 11, figs. 7-8; 'Text-figs. 3a—c, 23. 


D1aGNnosis. Shell small to medium size; valves plano- or slightly concavo-convex, with 
hinge equal to or slightly less than greatest width; ventral valve sometimes sulcate; pseudo- 
deltidium vestigial or absent; chilidium or chilidial plates present; dorsal interarea slightly 
reflexed. Ornamented by capillae tending to become obsolete anteriorly, bifurcations and 
intercalations occur; concentric lamellae scattered; spinule bases and spines numerous, latter 
extending at low angle to hinge. 

Interior of pedicle valve with short septum, often grooved, with two parallel vascular 
trunks forming prominent ridges; diductor scars with outer raised rim; adductors oval, adja- 
cent to septum; anterior and lateral margins of both valves with rows of very fine papillae, 
coarser papillae posteriorly. 

Brachial valve with bilobate cardinal process, externally trilobate or quadrilobate; median 
septum long, elevated anteriorly and developed anterior to alveolus; sockets deep with inner 
and, rarely, outer socket ridges; lateral septa short, separating two sets of adductor scars; 
brachial ridges well defined. 

TYPE SPECIES. Chonetes dominus R. H. King, 1938: 259. 

DISTRIBUTION. Upper Carboniferous and Pennsylvanian to Permian, ? Cosmopolitan. 
Europe; Asia; N. America (Alabama, Arizona, Iowa, Illinois, Kansas, Maryland, Missouri, 
Nebraska, Nevada, Oklahoma, Texas); S. America (Bolivia); Australia. 


SPECIES ASSIGNED TO GENUS. 


Chonetes acanthophorus Girty, 1934 (=C. granulifer var. armatus Girty, 1911 preocc.). Pennsylvanian, Des Moines 
Series, Wewoka formation, Coalgate triangle, Oklahoma. 

Chonetes carbonifera Keyserling, 1846. Permian, Petschoraland; Donetz Basin, Russia. 

Chonetes dominus R. H. King, 1938. Lower Pennsylvanian, Bend Series, Marble Falls Limestone, near San Saba, 
Texas. 

Chonetes fragilis R. H. King, 1938. preoce.=C. brazosensis R. H. King, 1939. Pennsylvanian, Strawn Series=(Des 
Moines), Mineral Wells formation, Palo Pinto Co., Texas; Canyon Series (= Missouri Series), Graford and 
Brad formations, Texas. 

Chonetes granulifer, Owen, 1852. Pennsylvanian. Original locality. Near mouth of Keg Creek, Missouri R., Iowa. 
According to Greene (1908) types from Deer Creek Limestone and between Topeka and Tecumseh Limestones. 

Chonetes granulifer var. armatus Girty, 1915. See C. acanthophorus Girty, 1934. 

Chonetes granulifer var. emaciatus R. H. King, 1938. Upper Pennsylvanian, Cisco Series (= Virgil Series), Graham 
Group, Texas. 


: 
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Chonetes granulifer var. semiacanthus Lintz, 1958. Pennsylvanian, Conemaugh formation, W. Maryland, U.S.A. 

Chonetes granulifer var. stantonensis, Newell, 1934. Pennsylvanian, Upper Missouri Series, Stanton formation near 
Ottawa, Kansas; also from Nebraska, U.S.A. 

Chonetes granulifer var. transversalis Dunbar & Condra, 1932. Pennsylvanian, Virgil Series, Silver Lake Shale, 
Scranton Shale formation, Table Rock, Nebraska; also from Kansas; and recorded from Westphalian, marine 
horizon of Petit-Buisson, Wn 3a, Belgium. 

Dyros ? magnus Stehli, 1954. Lower Permian, Lower Leonard formation, Sierra Diablo, ‘Texas. 

Chonetes meekanus Girty, 1915 (for C. mucronatus Meek & Hayden, 1858 (non Hall, 1843). Pennsylvanian, Fort 
Riley, Kansas; also from Nebraska and Nevada. [May be a mucronate form of C. granulifer Owen]. 

Chonetes pratti Davidson, 1859. Lower Permian, Artinskian, Irwin River, Western Australia. 

Chonetes puebloensis R. H. King, 1938. Upper Pennsylvanian, Cisco Series, Pueblo formation, Callahan Co., Coleman 
Co., and Eastland Co., Texas. 

Chonetes smithi Norwood & Pratten, 1855. Pennsylvanian, Belleville, Illinois, U.S.A. (May=C. granulifer Owen). 

Chonetes strophomenoides Waagen, 1884. Permian, Middle Productus Limestone, Swas, Salt Range, Pakistan. 

Chonetes variolatus d’Orbigny, 1842. Lower Permian, Yarbichambi, Bolivia. 

Chonetes variolata var. baroghilensis Reed, 1925. Lower Permian, Yarkhun R., near Baroghil Ailak, Chitral, Asia. 

Chonetes wagert Muir-Wood, 1941. Upper Permian, Lachi Series, Lachi Spur, Sikkim, Asia. 


DISTINGUISHING CHARACTERS. Neochonetes is distinguished from Rugosochonetes by 
the more defined brachial ridges, non-development of accessory septa in addition to short 
lateral septa, strong inner socket ridges and rare development of outer socket ridges. In the 
pedicle valve the ridges bounding the diductor scars are more pronounced and the vascular 
trunks form prominent ridges parallel to the septum. The spine row extends at a lower angle 
to the hinge than in most species of Rugosochonetes. It differs from Lissochonetes in its fine 
capillate ornament, spines extending at lower angle to hinge, and by differences in internal 
structure, such as the better defined longer dorsal and ventral median septa, and sockets 
supported by inner and outer socket ridges. 

The larger dimensions and shallower median sulcus and internal differences distinguish 
Neochonetes from Chonetinella. 

REMARKS. The outline of the shells belonging to this genus varies considerably from sub- 
quadrate in N. dominus to alate in N. puebloensis (R. H. King). In the type species there are 
from five to six capillae in 1 mm. near the anterior margin and intercalations and bifurca- 
tions occur. Eleven spines on each side of the umbo extend at a low angle. The sulcation of 
the pedicle valve is variable, and a median sulcus is sometimes only developed anteriorly. 
The brachial valve is evenly concave longitudinally. The spinules are usually numerous 
and are especially prominent in N. acanthophorus (Girty) from the Wewoka formation of 
Oklahoma. 

In the interior of the pedicle valve of N. dominus there is a posterior callosity and the septum 
arises just below the umbo, then declines rapidly in height and continues as a low ridge to 
mid-length. The teeth are narrow and laterally elongated. Two parallel lateral ridges 
(=vascular trunks) extend from the anterior end of the small adductor scars to just beyond 
mid-length. The pear-shaped diductor scars are oval and taper posteriorly and are bounded 
along their posterior margin by a prominent ridge. In the brachial valve the median septum 
is low posteriorly and separated from the cardinal process by an alveolus and extends about half 
valve length, but becomes more elevated anteriorly. ‘The lateral septa diverge at an angle of 
30°. The brachial ridges are well defined especially anteriorly and are abruptly recurved 
posteriorly for a short distance but do not fuse with the septum. The largest syntype from 
Marble Falls Limestone, S. of San Saba, Texas described by R. H. King (1938) is 20-3 mm. 
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wide, 14 mm. long and 4:6 mm. thick. Another specimen is 18-8 mm. wide, 12:2 mm. long 
and 4:1 mm. thick. 

Chonetes granulifer should have been selected as type species, but there is considerable 
doubt about its identity owing to Owen’s poor figures and description. Girty (1915: 60) 
discussed this species and indicated that the typical form is subquadrate like C. fleming: Nor- 
wood & Pratten. A large mucronate form was described by Meek & Hayden (1858) as C. 
mucronatus (non. Hall, 1843) and was later thought by these authors to be synonymous with 
C. granulifer. Girty considered the two species should be separated and C. mucronatus Meek & 
Hayden was renamed C. meekanus (Girty, 1915: 60). Girty (1915) thought C. granulifer to be 
synonymous with C. flemingi Norwood & Pratten (now type species of Chonetinella), and also 
with C. smitht Norwood & Pratten and C. variolatus d’Orbigny. C. smithi is, however, a 
Chonetinella. C. variolatus has been assigned to Neochonetes and occurs at a higher horizon 
than C. granulifer and is probably distinct from that species. Greene (1908) made a study of 
C. granulifer and its variants and stated that they occur from the Stanton Limestone of the 
Pennsylvanian up to the Neosho Shale and to the Wreford and Riley Limestones of the Permian. 
He gave the maximum dimensions of C. granulifer as—width 33 mm., length 19 mm., with 
average width 28 mm., and length 15 mm. There are about 50 capillae umbonally and 150 
near the anterior margin. 

Serial transverse sections of Neochonetes ‘granulifer’ (Owen) appear as 'Text-fig. 23. 


Genus WAAGENITES Paeckelmann, 1930 : 223 
Pl. 9, figs. 18-21; Text-fig. 17. 





Fig. 17. Waagenites grandicostus (Waagen). 
Diagrammatic representation of interior 
of brachial valve showing breviseptum 
and socket ridges. Permian, near road from 
Rukhla to Amb, N. side of valley, 
Jarhanwala nala, western Salt Range, 
Punjab. SM. A.3762. x 23. 


1931 Dienerella Reed, p. 18 (preocc. Reitter, 1911 Coleop.). 


Diacnosis. Shells small, quadrate; pedicle valve moderately to highly convex with 
broad deep median sinus often bounded by prominent median plication or fold; umbo much 
incurved over interarea; ears well demarcated; no pseudodeltidium; brachial valve with median 
fold. 

Ornament of coarse costae on lateral slopes, median sinus often costellate or whole shell 
capillate; spinules developed; spines extending parallel to hinge; ears smooth; growth-lines 
sometimes lamellose. 
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Interior of pedicle valve with hinge teeth and short median septum. Brachial valve with 
small cardinal process, alveolus developed; median septum developed medianly only; lateral 
septa present; inner and outer adductor impressions widely separated; brachial ridges faintly 
defined, encircling oval space; sockets narrow, with short socket ridges. 

Type SPECIES. Chonetes grandicostus Waagen, 1884. 

RANGE AND DISTRIBUTION. Permian, Asia (Pakistan, Timor); ? N. America; ? Spitz- 
bergen. 


SPECIES ASSIGNED TO GENUS. 


Chonetes aequicosta Waagen, 1884. Upper Productus Limestone, Salt Range, Punjab, Pakistan. 
Chonetes austeniana Davidson, 1866. Permian, Zewan Beds, Kashmir, India. 

Chonetes avicula Waagen, 1884. Upper Productus Limestone, Salt Range. 

Spirifer barusiensis Davidson, 1866. Permian, Zewan Beds, Valley of Kashmir. 

Chonetes deplanata Waagen, 1884. Middle Productus Limestone, Salt Range. 

Chonetes dichotoma Waagen, 1884. Middle Productus Limestone, Salt Range. 

Chonetes dichotoma var. bilotensis Reed, 1931. Middle Productus Limestone, Salt Range. 
Chonetes dichotoma var. pluriplicata Reed, 1931. Middle Productus Limestone, Salt Range. 
Chonetes grandicosta Waagen, 1884. Permian, Upper Productus Limestone, Salt Range. 
‘Chonetes (Dienerella) grandicosta var. biplex Reed, 1931. Productus Limestone, Salt Range. 
? Chonetes morahensis Waagen, 1884. Upper Productus Limestone, Salt Range. 

Chonetes (Dienerella) robinsoni Licharew, 1937. Upper Permian, North Caucasus. 

? Chonetes semiovalis Waagen, 1884. Middle Productus Limestone, Salt Range. 

Chonetes squamulifera Waagen, 1884. Middle and Upper Productus Limestone, Salt Range. 
Chonetes trapezoidalis Waagen, 1884. Upper Productus Limestone, Salt Range. 


DISTINGUISHING CHARACTERS. Waagenites is distinguished from other genera of 
chonetids by its quadrate shell outline, rather convex pedicle valve with broad, deep median 
sulcus, and the ornament of coarse costae or plicae on the lateral slopes, and smooth, costate or 
costellate sulcus. It is distinguished from Quadrochonetes from the ‘Texas Lower Permian by the 
development of lateral plications on the flanks, deeper median sulcus and more prominent 
folds bordering the sulcus, spines extending parallel to hinge, and by internal differences. In 
Quadrochonetes the shell is smooth and the spines extend at a high angle to the hinge. 

REMARKS. Insufficient material made it impossible to make any revision of species of this 
genus, but it seems probable that several of Waagen’s species from the Salt Range will prove 
to be only variants or subspecies and. will not merit the rank of species. Reed (1931: 19) 
suggested that C. grandicostus and C. squamuliferus Waagen were not specifically distinct. 

Paeckelmann (1930: 223) considered that Waagenites was derived from Plcochonetes, a 
Devonian and Carboniferous genus, but this seems unlikely. Plicochonetes is semicircular 
in outline, rarely medianly sulcate, the shell fully costellate, and the spines extend at a high 
angle to the hinge. The genus Waagenites was erected by Paeckelmann for the group of the 
‘Grandicostatae’ of Waagen which included a number of species from the Productus Lime- 
stone of the Salt Range, Pakistan. Paeckelmann gave no proper description or illustration of 
the genus which is said to be partly productoid and partly spiriferoid in shell form, with a 
strongly arched pedicle valve having high prominent, radial folds, a deep median sulcus, and 
well demarcated. ears. The spines extend parallel to the hinge. Chonetes grandicostus Waagen 
was selected as type species of Waagenites. Reed (1931: 18) later proposed the subgenus Drene- 
rella with the same type species, and described a new variety Chonetes (Dienerella) grandicostus 
Waagen var. biplex from the Productus Limestone of the Salt Range. This variety is said to 
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differ from the type species in having bifurcating costae bordering the ventral median 
sulcus. 

The genus Dienerella Reed, 1931, is preoccupied but Paeckelmann’s name Waagenites 
has priority and is the valid name for the genus. 

Of all the species grouped by Waagen (1884) in his ‘Grandicostatae’ C. grandicostus is 
said to be the most extremely developed in all the characters. 

The shell is strongly convex, and the acute umbo is much incurved concealing the interarea, 
the sinus very deep and broad, the ears smooth and acute. The ventral interarea is high and 
is set at a right angle to the plane of the valve. The delthyrium is wide. 

The sinus extends from the umbo and is about half the shell width. It is bordered by 
prominent rounded plicae and the shell is radially costellate with about five or six costellae 
in the sinus and five coarser costellae on each flank. There are numerous fine growth striae, 
and Waagen records additional fine scaly structure on well preserved valves, and spinules on 
the costellae. There are three or four spines on each side of the umbo. 

The brachial valve was not preserved in C. grandicostus, and the internal characters were 
unknown to Waagen. A poor interior is preserved in the Sedgwick Museum, Cambridge, 
no. A.3762. This specimen shows a low median septum not supporting the cardinal process, 
and hinge sockets with socket ridges. (‘Text-fig. 17.) 

The width of the shell is given as 14 mm., length 11 or 10°5 mm. and thickness 6 or 8 mm. 
in two of Waagen’s specimens (syntypes). 

The dorsal valve in Chonetes squamuliferus Waagen which also belongs to the ‘Grandi- 
costatae’ is described by Waagen as deeply concave with ornament in reverse of the other valve. 
There is a distinct narrow interarea interrupted by the cardinal process. This is said to be 
short and not prominent with the sockets at its base. The posterior adductors are large, oval 
and deeply excavated, the anterior scars are smaller, narrow and elongated, and the brevi- 
septum originates at the anterior end of these scars. The brachial ridges are faintly defined 
and enclose an oval space. The internal surface is finely papillose. 


Subfamily SEMENEWIINAE nov. 


Genus SEMENEWIA Paeckelmann 1930 : 217, 224 
Pl. 2, figs. 5, 6. 


D1aGnosis. Shell small to medium size, semicircular; valves slightly concavo-convex; 
greatest width along or near hinge; pseudodeltidium present; interareas low. 

Shell surface with broad, angular, concentric rugae in both valves, obscure near hinge; 
numerous growth-lines; no radial ornament; spines extending vertically to hinge; spinules 
developed. 

Internal characters imperfectly known, median septum in each valve. 

TYPE SPECIES. Chonetes concentricus de Koninck, 1847: 186. 

RANGE AND DISTRIBUTION. Lower Carboniferous, Tournaisian to Visean, Europe. 


SPECIES ASSIGNED TO GENUS. 
Chonetes concentricus de Koninck, 1847. Visean, Europe (Belgium, Great Britain, France, Germany). 
Semenewia concentrica var. tornquisti Paeckelmann, 1930. Lower Carboniferous, Posidonienschiefer, near Elberfeld, 
Germany. 


« 
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DISTINGUISHING CHARACTERS. The ornament of concentric rugae on both valves 
distinguishes Semenewia from all other chonetids. It has, however, been confused with some 
productoid species from which it is distinguished by the development of interareas, spines 
only in row along hinge, together with presence of a median septum in each valve. Isogramma 
has similar concentric rugose ornament but lacks the spine row along the hinge, and has totally 
different internal structure. ‘ 

REMARKS. Semenewia appears to have a limited distribution in the Tournaisian and Visean 
of Western Europe. It has also been recorded from the Lower Carboniferous C2 1a of the 
Donetz Basin; and Semenewia aff. concentrica is said by Paeckelmann (1930) to occur in the 
Devono-Carboniferous passage beds of Elberfeld region, Germany, and by Gallwitz (1932) 
from Cromford near Ratingen, Rhineland, also from the Etroeungt Beds. Gallwitz describes 
this form as being 15 mm. wide, 11 mm. long and hinge 9 mm. The shell is ornamented 
by eighteen concentric rounded rugae. The interior of the pedicle valve has strong teeth and a 
slender median septum about half valve length. In Semenewia concentrica there are 12-15 
concentric rugae in the Visé specimens, and de Koninck (1847: 186) gives the dimensions as 
length 14 mm., width 23 mm., height 4:2 mm., and thickness 1-4 mm. He states, however, 
that the average length is 10 or 11 mm., and the greatest width occurs along the hinge. The 
valves are very slightly concavo-convex. De Koninck describes Chonetes concentricus as having a 
depressed semicircular shell, without radial ornament, but with prominent concentric rugae 
giving the shell a terraced appearance. The furrows between the rugae are narrower than the 
rugae themselves. The ventral interarea is very narrow and there are three or four very short 
fine spines on each side of the umbo almost perpendicular to the hinge. De Koninck gives no 
description of the interior of C. concentricus except that it is not papillose and growth-lines are 
clearly visible, though not seen on the shell exterior. 

The specimens figured by von Semenow (1854, pl. 5, figs. 1a—d) as Chonetes concentricus 
de Koninck from the Carboniferous of Hausdorf, Silesia, Germany, should be identified as 
Isogramma sp. Some of Paeckelmann’s figures (1930, pl. 15, figs. 7, 8a) could be identified 
as Echinoconchus, a productoid genus. 

The species described by Demanet (1938, 121, pl. 108, figs. 17-19) as Chonetes (Semenewia) 
verdinne: from the Namurian, Assise d’Andenne, Belgium, has fine concentric growth-lines 
only visible under a lens and is doubtfully a Semenewia. 


Family EODEVONARIIDAE Sokolskaja, 1960 : 223 


Genus EODEVONARIA Breger, 1906 : 534 
Pl. 4, figs. 1-6, 16; Text-fig. 18. 


D1aAGNOsIs. Small to medium-sized shells; valves strongly concavo-convex, wider than 
long; ventral umbo strongly incurved; interarea broad in pedicle valve, linear in brachial 
valve and set at an angle to pedicle valve; pseudodeltidium present; both valves with hinge- 
line denticulate. Shell surface capillate, capillae frequently bifurcating; spine row extending 
at low angle to hinge; spinules rare; numerous fine growth-lines. 

Interior of pedicle valve with median septum about half shell length and thickened um- 
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bonally; hinge teeth reduced or absent; diductor muscle scars broad, diverging; adductors 
narrow, elongate-oval. Brachial valve with bilobate or quadrilobate cardinal process supported 
by strong septum about half valve length; lateral septa short, sometimes fused with median 
septum; socket ridges long and curving away from hinge. 





Fig. 18. Eodevonaria dilatata (Roemer). A. Diagrammatic representation of 
interior of pedicle valve showing the adductor muscle scars, ad.; diductor 
scars, with ridge bounding the posterior margin, did.; denticulate hinge, dh.,; 
median septum, s. BM. BB.41128. x 1}. 
B. Interior of brachial valve showing adductor scars, ad.; quadrilobate cardinal 
process supported by median septum, cp.; lateral septa, /s.; long socket ridges 
diverging from hinge, sr. BM. BB.41129. x 1. 
C. Posterior view of same cardinal process. x 5. 

Both specimens from Lower Devonian, Emsian, near Coblenz, Germany 
(see Pl. 4, figs. 2, 35). 


Type SPEciEs. Chonetes arcuatus Hall, 1857: 76, by subsequent designation of Schuchert 
& LeVene, 1929: 57. 

RANGE AND DisTRIBUTION. Lower to Middle Devonian (Helderberg, Oriskany, 
Schoharie, Onondaga) North and South America (Quebec, Ontario; New York State, 
Ohio, Indiana, Appalachians, Illinois, Oklahoma; Colombia, Venezuela). Europe, Emsian | 
(Coblenzian) (Germany, Belgium, England ?); N. Africa; S. Africa (Bokkeveld Beds). 


‘SPECIES ASSIGNED TO GENUS. 


Strophomena acutiradiata Hall, 1843. Lower Devonian, Upper Helderberg, New York State. 

Chonetes arcei Ulrich, 1892. Middle Devonian, Iola, Bolivia; Argentina. 

Chonetes arcuatus Hall, 1857. Lower Devonian (Upper Helderberg Group) of N. America (Ohio, New Jersey, Tenne- 
see, New York State, Maine). 

Eodevonaria aff. arcuata Hall: Reed, 1925. Lower Devonian, Bokkeveld Beds, S. Africa. 

Orthis dilatata Roemer, 1844. Lower Devonian, Emsian (Coblenzian), Daleiden near Niederstadtfeld and other 
localities in Eifel, Nassau near Coblenz, Germany; Couvin, Belgium. Roemer (1844) records it from the Older 
“‘Grauwacke”’ at Waxweiler, Daleiden, Daun, Coblenz, Ems in the Rhineland. 

Chonetes extensus Kayser, 1889. Lower Devonian, Emsian (Lower Coblenzian), Rhineland, Germany. 

Eodevonaria imperialis and vars. parva and transversa Caster, 1939. Lower Devonian, Colombia, S. America. 

Stropheodonta katzeri Knod, 1908. Lower Devonian, Bolivia. 

Chonetes melonicus Billings, 1874. Lower Devonian, Gaspé, Quebec, Canada. [May= C. acutiradiatus Hall according 
to Billings.] 


? 
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Eodevonaria reedi Caster, 1939. Lower Devonian, Colombia, S. America. 
Chonetes subhemisphaerica Weisbord, 1926. Devonian, State of Zulia, Venezuela. 
Chonetes subquadratus Roemer, 1854. Lower Devonian, Kahleberg, Germany. 
Chonetes venezuelensis Weisbord, 1926. Devonian, State of Zulia, Venezuela. 


DISTINGUISHING CHARACTERS. Eodevonaria differs from all other chonetoid genera 
in having a denticulate hinge in each valve. It differs from Chonetes s. str. in the highly convex 
pedicle valve and deeply concave brachial valve, the much incurved umbo, and in the internal 
characters. The socket ridges in Hodevonaria are long and curving, and the cardinal process is 
supported by a strong median septum extending about half the length of the valve. In Chonetes 
the septa (three to five in number) are separated from the cardinal process by an alveolus; 
and the inner and outer socket ridges are shorter and less curved. 

REMARKS. Eodevonaria is widely distributed and a number of species have been recognized 
from North and South America, Europe and Africa. The genus has not been found so 
far in Australia or New Zealand. The denticulate hinge is a specialized development, presum- 
ably serving for articulation, but it occurs only in this genus in the Lower and Middle Devonian. 
In well preserved internal moulds of E. arcuata (Hall) from the Onondaga group, Camden 
Chert, of Tennessee, in the Museum of Comparative Zoology, Harvard, No. MC Z.go55, 
there were 13 denticles on each side of the umbo. 

Twenhofel (1914) erroneously assigned the species Chonetes primigenius from the ? Ordovi- 
cian and Lower Silurian of Anticosti Island to Eodevonaria. 'The hinge, however, is not denticu- 
late, although the teeth are transversely elongated and longitudinally striated. This species is 
here assigned to Strophochonetes. 

In the original description of E. dilatata Roemer emphasizes the narrow body cavity, 
the denticulate hinge, and the bifurcating capillae which number 50-60 near the umbo and 
about 180 near the anterior margin. In his later work (1854) Roemer does not mention this 
species in his description of the N.W. Harz Mountains. 

Examination of specimens of E. dilatata showed that the external shell surface is rarely 
preserved, and spines and spinule apertures were not seen and were rarely preserved, but were 
probably numerous. The specimens are in the form of more or less imperfect internal moulds 
with even capillae and the sulci showing more or less regular elongate pits simulating punctae. 
The pedicle valve is highly globose medianly and slopes gently down to each flank. ‘The umbo 
is much incurved and the longitudinal contour may almost equal a spiral curve. In the interior 
of the pedicle valve the septum may be slightly more than half valve length and enlarged posteri- 
orly. The adductors are much elongated and taper posteriorly. They are close to the median 
septum and bounded by the broad diductor scars which extend about half valve length or 
more. 

The brachial valve has an internally bilobate or quadrilobate, and externally quadrilobate 
cardinal process which is supported by a strong median septum, about one half valve length 
and posteriorly enlarged. The lateral septa are slightly curved, extend about one-third valve 
length and are often fused with the long curved socket ridges and the median septum. The 
lateral septa separate the two pairs of adductor scars but the anterior scars between septum and 
lateral septa are the only ones well defined. 

The average dimensions of specimens of FE. dilatata are width 33 mm., length 16 mm., 
but one specimen from Daleiden, Eifel, is 48 mm. wide and 23 mm. long [B.M., B.14205]. 
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There are 32 close even capillae in 10 mm. near the anterior margin of the pedicle valve of the 
latter specimen. 

Hall (1857) described Chonetes arcuatus (the type species) from the Corniferous limestone 
as having the greatest width along the hinge; the ears triangular and projecting beyond the 
body of the shell. The valves are strongly concavo-convex with rarely a faint median sulcus. 
The ornament consists of fine regular capillae, with sixteen in 4th in. (= 5 mm.), and 
increase is by means of intercalations and bifurcations. The growth-lines are fine and rather 
obscure. No mention is made of the denticulate hinge in 1857 but it was noted by Hall in 1867. 
Breger (1906) in his original description of the genus stated in addition that the ventral inter- 
area is broad, that a pseudodeltidium is present, and that the teeth are supported by short 
dental lamellae. The diductor muscle scars in E. arcuataare oval and diverging while the centrally 
placed adductor scars are large and oval or subcircular and separated by the median septum. 
He does not mention the interior of the brachial valve. The species Chonetes arcuatus Hall, 
C. dilatatus Roemer, C. melonicus Billings, C. acutiradiatus Hall, C. extensus Kayser and 
C. arcet Ulrich were assigned to the genus. Schnur (1853, pl. 43, fig. 1a) figured a pedicle valve 
of Chonetes dilatatus Roemer with the spines restored and extending almost parallel to the 
hinge. Six spines are shown on either side of the umbo. It is recorded as occurring at Daleiden, 
Waxweiler, Priim and Daun in the Eifel, Germany. 


Family CHONOSTROPAIIDAE nov. 


Genus CHONOSTROPHIA Hall & Clarke, 1892 : 310 


Pl. 10, figs. 3-7. 
1894 Chonostrophia Hall & Clarke, p. 294. 
1944 Chonostrophia Hall & Clarke: Cooper, p. 347. 


D1aGnosis. Shell of medium size, semicircular; thin shelled; convexity of valves reversed, 
pedicle valve posteriorly convex then flat or slightly concave (resupinate) ; brachial valve slightly 
convex; interareas linear; pseudodeltidium present; shell surface capillate with two to five 
capillae between coarser costellae, rarely fasciculate; growth-lines numerous, causing faint 
reticulation; spines long, slender, extending at high angle to hinge. Interior of pedicle valve 
with small teeth and low median septum, half valve length or more; large cordate muscle 
area with outer raised rim and longitudinally lobed, not divisible into adductor and diductor 
scars; brachial valve with bilobed cardinal process supported by socket ridges; median septum 


low or absent; shell interior finely papillose. 


Type SpEcIEs. Chonetes reversa Whitfield, 1882. 

RANGE AND DisTRIBUTION. ? Middle Silurian to Middle Devonian (Marcellus), N. 
America (Quebec, Ontario, New York State, Appalachians, Maryland, Tennessee, Illinois, 
Ohio, Alabama, Oklahoma); S. America (Colombia, Bolivia and Argentine). 


SPECIES ASSIGNED TO GENUS. 
Chonetes complanata Hall, 1857. Lower Devonian, Oriskany, N. America (Quebec, Ontario, New York State, 
Maryland, Appalachians). 
Chonetes dawsoni Billings, 1874. Lower Devonian, Grande Gréve Limestone, Gaspé and Percé, Quebec, Canada. 
Chonostrophia knodi Caster, 1939. Lower Devonian. Colombia, S. America; also from Bolivia and Argentine, 
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Chonostrophia helderbergica Hall & Clarke, 1892. Lower Devonian, Lower Helderberg Group, Albany Co., New 
York State. 

? Chonetes lindenensis Foerste, 1909. Silurian, Pyburn Bluff, Tennessee, U.S.A. 

Chonostrophia reversa Whitfield, 1882, and 1891. Middle Devonian, Marcellus Shales equivalent, New York State 
and Columbus and Delaware, Ohio; also from Alabama, and Cayuga, Ontario, Canada. 


DISTINGUISHING CHARACTERS. Chonostrophia is distinguished from all other chonetids 
by the reversed convexity of the valves, and the flatness of the shell. It is distinguished from 
strophomenoids by the development of spines along the hinge but has a more strophomenoid 
appearance than most of the chonetids, having a medium-sized shell with a semicircular out- 
line, costellae and intercalated capillae, and raised ridges bounding the posterior and lateral 
part of the longitudinally lobed muscle field in the pedicle valve, and a long median septum. 
The muscle area in the pedicle valve extends about half shell length and is more rounded in 
outline than in most chonetids. In the brachial valve the cardinal process is massive and 
bilobed, V-shaped, and supported laterally by short socket ridges. The median septum is 
reduced or absent as in Hall & Clarke’s figure (1892, pl. 158. fig. 18) of Chonostrophia reversa 
from Delaware, Ohio. 

REMARKS. The species described by Caster (1939) from the Lower Devonian of 
Colombia are doubtfully assigned to this genus. The costellae increase by means of intercala- 
tions and bifurcations and there are no fine capillae between coarser costellae. A median septum 
is developed in the brachial valve and the cardinal process is of different type. Chonostrophia 
was, however, recorded from the Devonian of Argentine by Kayser (1897). 

Interiors of the brachial valve are unfortunately very rare and the internal characters are 
imperfectly known. Some of Whitfield’s types of C. reversa were examined in the New York 
State Museum, Albany, together with Hall’s types of C. complanata from the Lower Devonian, 
Oriskany, of New York State. These yielded good interiors of the pedicle valve but no brachial 
valves. In C. complanata the median septum extends more than half the length of the valve 
and may be posteriorly enlarged separating the two diverging pear-shaped muscle scars. 
The latter have an outer raised rim. The adductor scars were not demarcated from the diduc- 
tors. The anterior margin of this valve was geniculated. In C. complanata seven spines were 
observed on each side of the umbo, projecting at an angle of about 60°. 


Family DAVIESIELLIDAE Sokolskaja, 1960 
Subfamily DAVIESTIELLINAE Sokolskaja, 1960 


Genus DAVIESIELLA Waagen, 1884 : 613 


Pl. 13, figs. 1-6; Text-figs. 19a, B. 


1892 Davitesiella Waagen: Hall & Clarke, p. 317. 
1894 Daviesiella Waagen: Hall & Clarke, p. 296. 
1940 Davitesiella Waagen: Cope, p. 203. 


DracGnosis. Shell large; greatest width near hinge; valves highly concavo-convex; 
pedicle valve much thickened; interareas low, pseudodeltidium absent; chilidium or chilidial 
plates developed. Ornament of fine capillae or costellz with spinule apertures, external spine 
row not observed. Interior of pedicle valve with umbonal callosity, median septum short, with 





SYSTEMATIC DESCRIPTIONS 97 


dendritic posterior adductor scars on lateral surface, anterior adductors slightly dendritic, 
rounded accessory adductors transversely striated; diductors longitudinally striated and deeply 
inserted, encroaching on adductors; teeth massive, grooved posteriorly and supported by short 
dental lamellae; subdental pit anterior to teeth. Brachial valve with short quadrilobate cardinal 
process, external face triangular quadrilobate, outer lobes may be chilidial plates; median 
septum posteriorly massive, tapering, greater than half valve length, supporting cardinal 
process; sockets small; elongate-oval, short, curved socket ridges; brachial ridges hook- 
shaped, extending anteriorly; adductor scars dendritic. 





Fig. 19. Daviesiella llangollensis T. Davidson. A. Diagrammatic representation of 
interior of pedicle valve showing adductor muscle scars, ad.; detached accessory 
adductor scars, aad.; diductor scars, did.; subdental pit, dp.; imperfectly pre- 
served hinge teeth, ht.; narrow interarea, ia.; median septum, s. BM. BB. 81623. 
B. Interior of brachial valve of same specimen showing adductor muscle scars, 
ad.; brachial ridges, br.; hinge sockets, hs.; lateral septa, /s.; broad median 
septum, supporting cardinal process, s. BM. BB.81624. 

Both valves from Lower Carboniferous, Visean, Llangollen, N. Wales. 
x 2 (see Pl. 13, figs. 4, 6). 


Type SPECIES. Productus llangollensis Davidson, 1862. 

RANGE AND DISTRIBUTION. Lower Carboniferous, Visean, C2—D1 subzones, England 
and Wales. The records of Daviesiella in France, Belgium and elsewhere in Europe appear to 
be incorrect, and some at least relate to Airtonia according to Cope (1940), and others probably 


- to the genus Delepinea nov. 


SPECIES ASSIGNED TO GENUS. 


Productus Iangollensis Davidson, 1862. Type locality—Lower Carboniferous, Visean, Lower Grey and Brown 
Limestone, base of D1 subzone, Llangollen, Denbighshire, also from North Derbyshire, Daviesiella Beds 
and overlying Chee Tor Beds, S2—D1 subzones; Anglesey, Penmon area, ? S2 subzone; Vale of Clwyd, Denbigh- 
Flint, D1 subzone: near Oswestry, Llanymynech Hill and Treflach Wood; Kirkby Stephen, Westmorland, 
base of D1 subzone. 

Daviesiella derbiensis Cope, 1940. Lower Carboniferous, S2 subzone, Ashwood Dale, Buxton, Derbyshire. 

Daviesiella notata Cope, 1940. Lower Carboniferous, Lower Airton Limestone, C2—-S1 subzones, Airton Green, 
near Settle, Yorkshire. 
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DISTINGUISHING CHARACTERS. Daviesiella is distinguished from Airtonia by its larger 
dimensions, more thickened pedicle valve and differences in internal structure. Airtonia has 
laterally extending brachial ridges, two divergent ridges from the cardinal process and a short 
median septum not in contact with the cardinal process. Daviesiella has hook-shaped, longi- 
tudinally extending brachial ridges and the prominent median septum is in contact with the 
cardinal process while the lateral ridges tend to fuse with the socket ridges. Daviesiella differs 
from Delepinea in having narrower interareas without parallel spine roots, a more convex 
pedicle valve, no pseudodeltidium and a more massive septum extending from the cardinal 
process. In Delepinea there is a narrow median septum not extending posteriorly to join the 
cardinal process, and a pseudodeltidium is developed. 

REMARKS. Waagen (1884: 613) created the genus for the species Productus llangollensis 
Dav. and P. comoides J. Sowerby but did not select a type species. He gave a very brief 
diagnosis and stated that ‘the genus is characterized by cardinal teeth and a second pair 
of adductors in the pedicle valve. The other features coincide with those of Productus’. 
Oehlert (1887) subsequently selected Productus llangollensis Dav. as type. 

The shell is usually quadrate or orbicular in outline with a highly convex and much 
thickened pedicle valve, less massive, concave brachial valve and a small body cavity. The 
interareas are usually low and no pseudodeltidium is developed, though a chilidium may be 
developed as a truncated triangular plate at the base of the exterior face of the cardinal process, 
or chilidial plates may extend along the outer margins of the external face. 

Cope (1940) revised the genus but still included ‘Chonetes’ comoides (J. Sowerby) as a 
species of the genus. He gave a different interpretation of the accessory scars in the pedicle 
valve, thought to be adductors by Waagen, but considered to be diductors by Cope. The question 
is discussed on p. 15 of this paper and Waagen’s opinion is upheld by the present writer. 

The pedicle valve is said by Cope to be as much as 25 mm. thick, and there are 20 costellae 
in 10 mm. at a distance of 40 mm. from the umbo. 

In the interior of the pedicle valve there are strong teeth with an elongated sub-dental pit 
extending antero-laterally below the teeth. The median septum extends from an apical 
callosity between the teeth as a prominent ridge about a third or a half valve length, and serves 
as a surface for attachment of the adductors. The muscle scars are discussed on p. 1 5. The 
brachial valve interior is rarely preserved. In the brachial valve of the lectotype B.M., B.81624 
from Llangollen (Davidson, 1862, pl. 55, figs. 9, 10) the cardinal process is imperfectly 
preserved and on either side are two narrow oval sockets set at a low angle to the hinge. These 
are bounded by ridges which extend from the anterior end of the cardinal process; and are 
then deflected for a short distance. These structures appear to correspond to the inner socket 
ridges and lateral septa in other genera. The two ridges have apparently fused and the indepen- 
dent continuation of one of the curved socket ridges can be seen. The septum is broad, massive, 
and prominent posteriorly, but tapers gradually anteriorly becoming a low ridge then becoming 
more prominent again. The adductors are set close to the median septum and are narrow 
posteriorly but expand to a broader oval scar anteriorly. The outer (? posterior) adductor 
scars are lateral to the inner adductors and are almost as broad as long. The anterior end of 
these scars is set on a low smooth ridge. Anterior to these the brachial ridges appear as two low 
crook-shaped ridges with the anterior portion almost parallel, the whole resembling two walking- 
sticks with the end of the crook nearest to the median septum. The internal surface in both 
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valves is finely papillose posteriorly and becomes longitudinally ridged anteriorly and 
laterally. 

Sokolskaja (1950: 86) commented on the diagnosis of the genus given by Waagen and 
Paeckelmann, and gave additional information about the internal morphology. The cardinal 
process is said to be massive bilobate internally and quadrilobate externally. It is supported 
laterally by the thick short socket ridges which extend at an angle of 45° to the hinge. The 
sockets are narrow and oblique. The strong median septum extends from the cardinal process 
and separates the trigonal dendritic adductor scars. No brachial impressions were observed. 
The interior surface is said to be tuberculose, the tubercles elongated and arranged in parallel 
lines. 


Subfamily DELEPINEINAE nov. 


Genera. Delepinea nov., Megachonetes 
Genus DELEPINEA nov. 
Pl. 14, figs. 1, 2, 4-7; Pl. 16, fig. 8; Text-figs. 204, B. 


Daviesiella auctt. (in part). 


1905 Chonetiproductus Vaughan, p. 296 (in part). 
1906 Productichonetes (= Daviesiella) Vaughan, p. 308 (in part). 


DraGNosis. Shell large, greatest width along hinge; valves moderately concavo-convex; 
pedicle valve thickened posteriorly; ventral interarea broad, almost vertical, brachial valve 
interarea narrower, at obtuse angle to that of pedicle valve; pseudodeltidium small, flattened; 
chilidium or chilidial plates present. Ornament of fine capillae or costellz bearing spinule 
apertures; roots of spines extending through ventral interarea at high angle to hinge margin and 
appearing as parallel incisions in decorticated shell; spine apertures seen internally, spine roots 
sometimes continued internally as short ridges, external spines rarely preserved. Interior of 
pedicle valve with posterior callus thickening, median septum short, and continued as low 
ridge; teeth rather small, curved; adductor scars dendritic, accessory adductors circular, 
striated, set on low ridge; diductors large, rapidly broadening longitudinally and rather 
evenly ridged. Brachial valve with short internally bilobate cardinal process, external face 
triangular, quadrilobate, outer lobes possibly chilidial plates; alveolus developed; median 
septum about half valve length, anteriorly high; lateral septa slightly curved; sockets shallow 
with short curved socket ridges, brachial ridges not observed; two pairs of adductor scars; 
internal shell surface finely papillose posteriorly, irregularly ridged anteriorly. 

Type SPECIES. Productus comoides J. Sowerby, 1823: 31. 

RANGE AND DISTRIBUTION. Lower Carboniferous, Tournaisian, C1 and Visean, 
Europe (Great Britain and Ireland, France, Belgium, Germany, Russia); N. Africa; Asia. 


SPECIES ASSIGNED TO GENUS. 

Productus comoides J. Sowerby, 1823. Original locality ‘From Wayboards between the limestone under the coal, 
Llangaveni’ [= Llangefni] in Anglesey, probably from D1 subzone; also from Clifton, Bristol, D1 subzone; 
Grandy near Shap, Westmorland, top of Dr. Possibly also from D2. ; 
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Fig. 20. A. Delepinea carinata (Garwood); B. Delepinea comotdes 
(J. Sowerby). A. Part of interior of brachial valve showing alveolus, 
a.; cardinal process, cp.; socket ridges, sr. ; adductor muscle scars, 
ad.; lateral septa, Is.; GSML.64007. Lower Carboniferous, C2 
subzone, Arnside shore, Westmorland. 

B. Part of interior of pedicle valve showing wide interarea with 
traces of spine roots, spr.; short median septum with posterior 
callus; adductor muscle scars, ad.; rounded accessory adductors, 
aad.; diductor scars, did.; hinge teeth, ht. BM. B.60947. Lower 
Carboniferous, Visean, Llangefni, Anglesey, N. Wales. 

Both figures natural size (see Pl. 14, figs. 2, 56). 


SPECIES ASSIGNED TO GENUS (Continued). 


Chonetes (Daviesiella) comoides var. rhenana Paeckelmann, 1930. Lower Carboniferous, Visean, Ratingen, Germany. 

Chonetes carinata Garwood, 1916. Type locality, Lower Carboniferous, Michelinia grandis zone, C2 subzone, Chonetes 
carinata Beds, Arnside, Westmorland; also recorded by Cope (1935) from Kendal, Cat Crag, Long Scar, Bell 
Nook, Westmorland, same horizon; Lancashire, Dalton-in-Furness; Yorkshire, near Settle, near Kirkby 
Malham, and near Hetton; Somerset, Bleadon, Weston-super-Mare, and near Bristol; 5. Wales near Croftau; 
Isle of Man, Ronaldsway, Derbyhaven and Castletown Bay; Belgium, Calcaire de Sablé and Calcaire de 
Regnéville. All from C2 subzone.* 


* The records from Shropshire, Llanymynech and Treflach Wood, S.W. of Oswestry; Gloucestershire, Tidenham Chase; 
Monmouthshire, near Chepstow; Anglesey, Beaumaris, refer to Daviesiella spp. 
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Chonetes destinezi Vaughan, 1915. Originally recorded by Vaughan from Dolomie de Sovet, Dinant Vib=C2S1 
subzone, Belgium; and Stack, Pembrokeshire. Destinez (1902) described it from Viby, Assise de Dinant, 
E. of road from Reuleau to Sovet, Valley of Bocq, Belgium. Also recorded from Breedon Cloud, Leicestershire, 
C2-S1 subzone; Caswell Bay, Gower, S. Wales; N.W. Ireland from Cz-S1 subzone at shore of Lough 
Erne, Fermanagh; near Kesh, Co. Fermanagh; S. side of Bundoran Harbour, Co. Donegal; Drumquin, Co. 
Tyrone ; near Pettigo, Co. Donegal; from Lower Visean, Maidnot, Morocco. 

Chonetes (Daviesiella) franconicus Paeckelmann, 1930. Lower Carboniferous, Visean, Trogenau, Fichtelgebirge, 
Germany. 

Daviesiella gigantea Fredericks, 1926. Lower Carboniferous, Bolchezemelskaia tundra, Urals. 

Chonetes (Daviesiella) megaera Paeckelmann, 1930. Lower Carboniferous, Visean, Ratingen, Germany. 

Chonetes (Daviesiella) munsteri Paeckelmann, 1930. Lower Carboniferous, Visean, ‘Trogenau, Fichtelgebirge, 
Germany. 

Chonetes (Daviesiella) piedboeufi Paeckelmann, 1930. Lower Carboniferous, Visean, Ratingen, Germany. 

Chonetes (Daviesiella) ratingensis Paeckelmann, 1930. Lower Carboniferous, Visean, Ratingen, Germany. 


DISTINGUISHING CHARACTERS. Delepinea differs from Daviesiella in its less convex 
and less massive pedicle valve; in its wide, nearly vertical interarea in the pedicle valve set at 
an obtuse angle to that of the brachial valve; in having the wide delthyrium closed posteriorly 
by a small flat pseudodeltidium. Delepinea resembles Daviesiella in having accessory adductor 
scars in the pedicle valve. In Delepinea the dorsal median septum is separated from the cardinal 
process by an alveolus; there are no brachial ridges, and short socket ridges extend near the 
hinge, Daviesiella has a massive dorsal septum supporting the stout cardinal process, with no 
alveolus; brachial ridges extending anteriorly, and lateral ridges fused with the socket ridges. 

The thickened shell of Delepinea tends to weather in a very characteristic way, the shell 
splitting off irregularly exposing successive layers. Enlargement of the structure of the 
weathered shell are shown in pl. 16, fig. 8. 

Remarks. Delepinea, Daviesiella, Megachonetes and ? Airtonia appear to be fairly closely 
related forms with Megachonetes first occurring in the Middle Devonian of the ‘Torquay 
area, in the basal beds (Zr) of the Bristol region and ranging up to the top of the Visean or 
Lower Namurian with a wide distribution ; Delepinea occurring in Europe in the C1 to S2 
subzones and D zone of England, Wales, and Ireland, Belgium, France, Germany and 
Russia, N. Africa and ? Asia. Airtonia is so far known only from the C2 subzone of 
Yorkshire, France and Belgium. Daviesiella occurs in England and Wales and records else- 
where from Europe appear to be incorrect. It ranges from C2 to D1 subzones. 

Davidson (1853) redescribed D. comoides and figured (PI. 8, fig. 1) a specimen in the collec- 
tion of Bristol Museum showing the large chilidium with median notch at the base of the 
external face of the cardinal process. The high interarea with sloping transverse grooves repre- 
senting the spine bases are well shown. Davidson confused C. comoides with specimens of 
Daviesiella Ilangollensis which had not been described in 1853. The specimens figured 
as Chonetes from Beaumaris, Anglesey, from Tidenham Chase, near Chepstow, and 
Treflach Wood, Trefonen, S. W. of Oswestry, Shropshire, should all be identified as Daviesiella 
spp. 
Sarycheva & Sokolskaja (1952: 71) in a description of fossils from the Moscow Basin, 
described Daviesiella and gave two diagrammatic figures of the shell interior. The only species 
assigned to the genus is D. comoides, figures of which (PI. 12, fig. 77) are undoubted Delepinea 
comotdes (J. Sowerby). 

One of Sowerby’s types of Delepinea comoides is an imperfect pedicle valve [B.M., B.60947], 
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showing internal characters and part of the interarea of the brachial valve. The specimen was 
cleaned first by T. Davidson and later by F. A. Bather in 1923 in order to show the accessory 
muscle scars. These are well exhibited by the second cleaning and appear to be quite distinct 
from the diductor scars and from that portion of those scars which curves towards the median 
septum, and they are directly anterior to the adductor scars. The musculature is more fully 
described in the section on Internal Morphology (see p. 15.) The posterior callosity and median 
septum have been almost removed in the cleaning. The septum appears to have been less than 
half valve length but there is an anterior ridge below the accessory adductor scars which may 
be a continuation of it. The teeth are small for the size and weight of the shell and there is a 
rounded and subdental pit as in Daviesiella. The internal surface is posteriorly papillose and 
anteriorly is longitudinally and very irregularly ridged. The shell is much thickened posteriorly 
and over the muscle scars but thins anteriorly. There are 22 costellae in 10 mm. near the anterior 
margin of the incomplete valve. Sowerby’s second specimen selected here as lectotype, B.M., 
B.60953 is a larger, more complete pedicle valve and part of the brachial valve with the inter- 
area at right angles to that of the pedicle valve. The shell is extremely thick, about 20 mm. 
just below the umbo, and the ventral interarea is 8 mm. high. Part of the delthyrium is filled 
by the large chilidium, but the cardinal process is not preserved. It is highly convex medianly, 
sloping down to the slightly convex flanks. The ears are not preserved entire. It is more like 
a productoid than a chonetoid except for the teeth and sockets and broad interarea. The 
ornament is like that of Daviesiella and consists of very fine even capillae and few growth-lines. 
There are 28 capillae in 10 mm. on the middle of the venter. In early growth-stages the shell is 
considerably wider than long, but the length gradually increases until it is about half the width. 
The pedicle valve is often longitudinally fluted. Sowerby’s specimens of D. comoides are 
refigured by Davidson (1863, pl. 55, figs. 6-8); figs. 6, 7 show the more complete specimen 
selected as lectotype [B.M., B.60953], while fig. 8 shows the interior of the pedicle valve of 
another specimen [B.60947] a paratype figured here on Pl. 14, fig. 2. 

The brachial valve was not seen in D. comoides but was studied in D. destinezi (Vaughan) 
from N.W. Ireland, and in D. carinata (Garwood) from Arnside, Westmorland. Silicified speci- 
mens of this species and of D. carinata were collected and described by Simpson (1953) from 
subzones C2S1 of N.W. Ireland, and two specimens from the shore of Lough Erne presented 
by that author were etched in the Department of Palaeontology, British Museum (Natural 
History) and one is figured here [no. BB.13021] (PI. 14, fig. 7). D. destinezi was never described 
or figured by Vaughan (1915) who simply named an imperfect diagram given by Destinez 
(1902) from the Lower Carboniferous of the Bocq Valley, Belgium. ‘This showed a high ventral 
interarea with transverse striae or grooves inclined towards the umbo and representing spine 
bases. These are said by Destinez to be 15 mm. apart. The longitudinal contour shows a rather 
flat posterior region and a rounded geniculation separating it from the trail. The transverse 
contour is lightly arched. Simpson figured the spine roots and the internal openings of the 
spines but stated that external spines had not been observed. 

In Simpson’s text-fig. 3 of D. destinezi showing the interior of the pedicle valve, the rounded 
accessory adductor scars are not shown. The diductors are represented as extending in an 
anterior lobe projecting medianly which is said to represent the secondary (accessory) diductor 
scar of Cope. In one of the two specimens of this species etched in this Museum (PI. 14, fig. 7), 
the two diductor lobes are well seen, but there are in addition two rounded adductor scars, 
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exactly comparable in position to those seen in D. comoides paratype (PI. 14, fig. 2), and in 
specimens of Daviesiella. These are figured in Text-fig. 208 and are considered to be Waagen’s 
accessory adductor scars. There is a definite groove separating them from the diductors and 
their medianly projecting lobe in this species. 

Simpson figured the brachial valve of Delepinea destinezi (1953, pl. 9, figs. 1, 5) from 
C2S1 subzone, Kesh, Co. Fermanagh, Ireland, showing the short breviseptum, broad dendritic 
adductor scars and a bilobate cardinal process, deeply grooved medianly on the external face, 
the two lobes adjacent to two slightly concave zones with transverse markings and evidently 
regions of muscle attachment. These in turn have more convex lobes along each exterior lateral 
margin of the cardinal process and these were possibly chilidial plates. 

A good interior of the brachial valve of Delepinea carinata (Garwood) is preserved in the 
Garwood collection, Geological Survey Museum, London, no. 64007 from the Lower Carboni- 
ferous, Michelinia grandis zone, Chonetes carinata subzone C2, Arnside shore, Westmorland. 
(Figured Cope, 1953, text-fig. 2.) This specimen refigured here on Pl. 14, fig. 5b showed the 
short bilobate cardinal process with alveolus, shallow hinge sockets supported by slightly 
curved inner socket ridges. The lateral septa are short, anteriorly prominent and spring from 
a flattened region anterior to the alveolus. The median septum (breviseptum) is anteriorly 
placed and is only distinguishable from about the level of the anterior ends of the lateral septa. 
The adductor scars are obscure but were probably broad and dendritic. No brachial ridges 
can be distinguished. The shell is thin and the internal surface was finely papillose or capillate. 
The external face of the cardinal process is triangular in outline with two median ridges separa- 
ted by median sulcus. Other similar interiors from Co. Donegal but less well preserved were 
seen in the collection of ‘Trinity College, Dublin. 

Cope (1935) described and figured the species D. carinata from the C2 subzone of Arnside. 
There are said to be 30 costae (= capillae) in 10 mm. at a distance of 50 mm. from the umbo. 
The internal characters of the two valves agree with those of D. destinezi and D. comoides. 

The maximum and minimum dimensions of ‘Chonetes comoides’ were given by Davidson 
(1854: 205) as:— 

Length 3 in.=76 mm. Width 6 in.=152 mm. 
Length 2 in. 9g lines=70 mm. Width 3 in.=76 mm. 


He states that there is great variation in form. This is possibly due to other genera or species 
being confused with it. 
Sowerby’s type specimen was probably about 100 mm. wide and 60 mm. long (pedicle 


valve only). 

A specimen of Chonetes comoides from Visé in the University of Liege is said by Destinez 
(1902) to be 90 mm. wide, 77 mm. high and 25 mm. thick. Specimens from the Visean of 
Heraclée (Asia Minor) are said to be of same dimensions as the Visé specimen, while that 
figured by de Koninck (1847: 189, pl. 19, fig. 1) from the banks of the River Ylytsch, Ural 
Mts., was said to be 110 mm. wide, 55 mm. high and 37 mm. thick. 

The dimensions of C. destinezi Vaughan are considerably larger than those of C. comoides 
and were quoted by Destinez (1902) as width 168 mm., height 90 mm., thickness about 53 
mm., height of interarea medianly 14 mm. Specimens in the collection of Trinity College, 
Dublin from Co. Donegal were 180 mm. wide. The maximum width appears to be about 8 in. 

The actual horizon of Delepinea comoides in the Lower Carboniferous rocks of Anglesey 
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is still uncertain. In a footnote by Greenly in the Anglesey Memoir (1919: 645) it is stated 
that D. comoides does not occur in the neighbourhood of Llangefni though it occurs in the 
Penmon area. “Wayboards’ are said to indicate beds of shale between the limestone. D. 
comoides is listed (p. 609) as a D1 and D2 subzone fossil with D. llangollensis. In the list of 
fossils from the Penmon area (p. 655) Daviesiella comoides is recorded from Dz or higher beds. 

Delepinea comoides would appear to be from the Dibunophyllum zone from a black shale 
but its exact zonal position requires further collecting and research. 

External spines are rarely preserved; but were seen in a large specimen from Co. Donegal 
in the collection of Trinity College, Dublin. These were of small diameter and were set 
almost on the edge of the ventral interarea. The roots of the spines are often seen as grooves 
crossing the interarea at a high angle to the hinge. 

Sibly (1906: 373) referred to Chonetes aff. comoides from D1 subzone of the Mendips, 
and stated that it agreed with the Bristol form. The S1 and basal S2 form is said to be similar 
externally, but to be thinner-shelled, with less well-defined muscle scars. 

The specimen from the D2 subzone of the Mendips also referred to C. aff. comordes 
which have thick convex shells and a well-developed interarea with spine bases are said to be . 
near to Daviesiella llangollensis. The latter species has, however, not been recorded so far from 
the S.W. Province. 

Daviesiella comoides was recorded by Maillieux (1933) from the Visean, Assise de Dinant 
(C2 subzone) of Belgium, while Daviesiella llangollensis is said to be characteristic of the 
‘dolomie de Sovet’ of S1 subzone. It is probable that both these records are incorrect and that 
Airtonia hudsoni Cope and Delepinea carinata occur in C2 and Delepinea destinezi in the dolo- 
mie de Sovet in S1. 

The form figured by Maillieux (1933, text-fig. 135) as D. comordes is certainly a species 
of Delepinea. No locality is given, but it is assumed to be from the Assise de Dinant. 

Daviesiella comoides (= Delepinea) was figured by Delépine (1933) from the Upper Visean, 
D1-D2, from Kokak-Sou near Zongouldak, Morocco, associated with P. giganteus and P. 
maximus. 'Uhis specimen is said to be 100 mm. wide and 72 mm. long. One specimen was said 
to be carinate and near to D. carinata. 

The specimen figured as Daviesiella comoides by Lecointre (1926: pl. 16, fig 1) from the 
Lower Visean of Maidnet and Sidi Kamel, Morocco, is a Delepinea. This genus appears to 
have a wider distribution than Daviesiella and Airtonia. , 

Daviesiella aff. comoides is recorded by Cope (1939) from D1 subzone of N. Derbyshire 
associated with Cyrtina [= Davidsonina] septosa (Phill.). This is probably the same form as 
Garwood’s Chonetes aff. comoides, from the Cyrtina septosa band of N.W. Province, and 
Vaughan’s Chonetes or Productichonetes aff. comoides from D1 subzone of the S.W. Province. 
These forms should probably be identified as Delepinea comoides (J. Sowerby). 

Vaughan (1905: 295, fig. 4) figured the interior of the pedicle valve of his Chonetes aff. 
comoides which is said to be a thick-shelled form from Sz and D. zone. The figure shows a 
broad interarea with parallel roots of the spines sloping towards the umbo, a narrow median 
septum, elongate-oval diductors enclosing two sets of adductors, the anterior scars being well 
rounded and separated from the diductors. Two rounded depressions are seen anterior to the 


muscle scars, and probably house the apex of the lophophore spirals. The specimen is a 
Delepinea. 
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More research still needs to be done on the species referred to by Vaughan as Chonetes 
cf. comoides (1905: 247) from C. zone. In 1911 (p. 383) he identified two forms, one transverse, 
large and geniculated and said to be leptaenoid from C2 of the Pembroke area, and rare at 
Burrington and in Belgium. This form is said to have a massive pseudodeltidium and to be 
flat posteriorly. This would appear to be D. destinezi. 'The other form, also large and strongly 
convex posteriorly called productoid, with no accessory adductors, is said to occur in the S.W. 
Province from Z1 onwards and to be common in C1 at Burrington. This would appear to be a 
Delepinea sp., though species of Megachonetes are probably confused with it. 


Genus MEGACHONETES Sokolskaja, 1950 : 42 


Pl. 12, figs. 3-8; Pl. 14, fig. 3; Pl. 16, figs. 1-7, 9. Text-fig. 22. 
1905 Chonetiproductus Vaughan, p. 296 (in part). 


DiaGNosis. Medium to large size; shell often thickened, with flat or slightly concave 
brachial valve and slightly convex pedicle valve; hinge approximately widest part of shell; 
pseudodeltidium and chilidium present; interareas rather broad; shell surface finely capillate, 
many bifurcations and rare intercalations; growth-lines fine, rare growth-lamellae; spinule holes 
very numerous on both valves; spines numerous, slightly curved, closely placed, extending at 
angle of 45°-60° to hinge. Interior of pedicle valve with low median septum about a quarter 
valve length; teeth massive; rounded accessory adductor scars in some species. Brachial 
valve with large multilobate cardinal process, chilidium or chilidial plates at base; median 
septum about half valve length; lateral septa short, papillae hollow in radial rows, brachial 
ridges not observed; sockets oval, inclined at angle to hinge, enclosed within raised ridges. 

TYPE SPECIES. Chonetes compressa Sibly, 1908 preocc.=C. sibly1, I. ‘Thomas, 1919: 
612 (also of Paeckelmann, 1930: 274). 

DISTRIBUTION AND RANGE. ? Middle Devonian, England, Upper Devonian and Lower 
Carboniferous, Z1 subzone—Dz2, ?Namurian, Er Europe (Great Britain, Ireland, France, 
Belgium, Germany, Russia), ? Asia, N. Africa. 


SPECIES ASSIGNED TO GENUS. 


Chonetes broili Paeckelmann, 1930. Lower Carboniferous, Visean, Rhineland, Germany. 

Chonetes dalmaniana de Koninck, 1843. Originally from Lower Carboniferous, Visé; Sunderland; Ireland. 

Chonetes (Daviesiella) dannenbergi Paeckelmann, 1930. Lower Carboniferous, Aachen, Karow, Kaluga govern- 
ment, U.S.S.R. 

Chonetes multidentata McCoy, 1844. Lower Carboniferous, Ireland. 

Chonetes murchisoni Julien, 1896. Culm, Visean, Lower Silesia, Germany. 

Chonetes (Daviesiella) papilio Paeckelmann, 1930. Culm, Visean, Rothwaltersdorf, Lower Silesia, Germany. 

Chonetes papilionacea Phillips, 1836. Lower Carboniferous, Bolland, Lancashire. 

Chonetes siblyi I. Thomas, 1919 (=compressa Sibly, 1908, non Waagen, 1884). Lower Carboniferous, Upper Visean, 
Europe. (England, Germany, Belgium). Original locality D2 subzone, Wirksworth, Derbyshire. 

Chonetes sp. nov. Middle Devonian, Hope’s Nose, Torquay, Devon. SM. [H.3684—3688] (as sarcinulatus of Reed). 

Chonetes sulcatus McCoy, 1844. Lower Carboniferous, Brackless, Dunkineely, N. Ireland. 

Leptaena volva McCoy, 1844. Lower Carboniferous, Millicent, Clane, Ireland. 

Chonetes wunstorfi Paeckelmann, 1930. Lower Carboniferous, Visean, Cromford near Ratingen, Rhineland, Germany. 

Chonetes zimmermanni Paeckelmann, 1930 [=C. papilionacea de Koninck, 1842, pl. 13, fig. 5; 1847, pl. 19, fig. 2, 
2b-d, from Visé, Belgium, and Davidson, 1861, pl. 46, fig. 5, 5a, b, from Settle, Yorkshire. Lower Carboniferous, 
Europe (Great Britain; Germany, Silesia; Belgium)]. 

8+ 


? 
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DISTINGUISHING CHARACTERS. Megachonetes is distinguished from Delepinea by its 
flatter pedicle and brachial valve, narrower body cavity, less massive shell and by its short 
curving spines extending at a high angle to the hinge. It differs from Azrtonia and Daviesiella 
in its flatter valves, wider interareas, and in its internal structure. Megachonetes has no brachial 
ridges and has a short dorsal median septum, and two short lateral septa. Azrtonia has two strong 
diverging septa, a short median breviseptum not in contact with the cardinal process and 
brachial ridges directed laterally. Delepinea has no brachial ridges, short lateral septa, a short 
high dorsal median breviseptum and an alveolus separating it from the cardinal process. 
The interior of the pedicle valve of Megachonetes has a less prominent septum than Delepinea 
and Daviesiella, but the general arrangement of the muscle scars seems to be similar. 

REMARKS. Megachonetes occurs commonly in the British Lower Carboniferous, Visean, 
and has usually been recorded by Vaughan and Garwood as ‘papilionaceus Chonetes’. It 
occurs also in the ‘Tournaisian and may extend up into the Upper Carboniferous, Namurian. 

Sokolskaja (1950: 42) proposed Megachonetes as a subgenus of Chonetes with C. siblyi 
Paeckelmann as type species. This species and C. zimmermanni Paeckelmann are the only ones 
referred to Megachonetes and both are recorded from the Lower Carboniferous, M. sibly: from 
C,* (Alexin horizon) and M. zimmermanni from C,™* (Mikhailovsk horizon). 

The type specimen of Chonetes papilionaceus Phillips, (1836, pl. 11. fig. 6) from Bolland 
[B.M., B.402] is part of a large specimen estimated to be 51 mm. long and 140 mm. wide, 
and slightly arched medianly. The hinge and area are not seen, but the greatest width was 
probably along the hinge. ‘The ornament consists of very fine capillae, with 28-30 in 10 mm. 
near the anterior margin. No internal characters are exposed. 

A large specimen from Clane, Co. Kildare [S.M., A.5105] resembles Phillip’s type in 
size and contour but is more coarsely costellate with 20 costellae in 10 mm. The length is 
47 mm. and width 104 mm., and there are 22-24 spines on each side of the umbo. ‘The costellae 
are very irregular and flexuous, two sometimes fusing or bifurcating. 

Another large species, M. papilio Paeckelmann, 1930, from the Visean, Culm of Roth- 
waltersdorf, Silesia, Germany, appears to be distinct from M. papilionaceus (Phillips) in its 
greater length, given by Paeckelmann (1930) as 75 or 78 mm., and its width as 127 or 138 mm. 
There are 16 costellae in 10 mm. near the anterior margin in this species, but about double 
that number near the umbo. 

The type species M. siblyi ‘Thomas has almost flat valves ornamented by fine capillae, 
with many bifurcations and intercalations. There are 24—26 capillae in 10 mm. near the anterior 
margin of both valves, and numerous spinule apertures. There are 15-20 spines on each side 
of the umbo. The shell structure in this species has been described on p. 16 under that 
heading. The greatest width is along or near the hinge. A well-developed pseudodeltidium, 
with curved anterior margin, is often preserved, but the chilidium at the base of the cardinal 
process is not preserved entire in any specimen. The internal characters are rarely seen and 
are imperfectly known. The musculature of the pedicle valve was seen in a specimen from 
Settle, Yorkshire, B.M., B.53885 (Pl. 12, fig. 7) and shows the rounded accessory or anterior 
adductor scars which are also characteristic of the genera Delepinea and Daviesiella. 'The 
holotype and paratypes of C. siblyi are from the Lower Carboniferous, Visean, Wirksworth, 
Derbyshire. 

Delépine (1911: 395) refers to Chonetes papilionacea de Koninck 1847 (non Phillips), 








SYSTEMATIC DESCRIPTIONS 107 


p. 187, pl. 19, fig. 2=C. z¢mmermanni Paeckelmann, which is quite distinct from Phillips’ 
large form. One of de Koninck’s specimens (figs. 2, b, d) is from Visé, while fig. 2c is from 
Temploux, Belgium. Delépine suggests that this differs from the Phillips type figured by 
Davidson, (1861, Pl. 46, figs. 3, 4). He refers also to Vaughan’s species Chonetes cf. comoides 
mut. C, which he states is the species occurring at Comblain-au-Pont. This differs from the 
true Megachonetes papilionaceus (Phillips) which occurs higher in the sequence in S and D 
zones. 

Vaughan (1906: 308) referred to convex papilionaceus Chonetes from Rush, Co. Dublin, 
and stated he had found specimens from early C zone,near to orthotetoids in outline, ranging 
up to the D1 subzone where there was pronounced productoid convergence resulting in 
Productichonetes (= Daviesiella) aff. comoides. It is probable, however, that Vaughan confused 
species of Megachonetes with Delepinea. Specimens near to orthotetoids in shell outline and 
convexity of pedicle valve were observed from Cromhall Quarry, near Chipping Sodbury, 
Glos., B.M., B.53960, and Elberton, Glos., B.M., B.21790. They differed from Megachonetes 
siblyi (I. Thomas) in the considerably greater convexity of the pedicle valve and greater 
length in relation to width. 

Another unnamed species resembling a large M. dalmanianus (de Koninck) in outline with 
highly convex pedicle valve and tapering laterally may be the Productichonetes (Daviesiella) 
cf. comoides mentioned by Vaughan (1906) which is said to show productoid convergence. 

A species identified by Reed (Sedg. Mus. labels) as C. sarcinulatus from the Middle 
Devonian, Hope’s Nose, Torquay, appears to be the earliest representative of this genus. 
The shell is 22 mm. wide and 10 mm. long, and has eight or more spines each side of the umbo, 
projecting at a high angle. The pedicle valve is slightly convex with a low median sulcus 
anteriorly. ‘The costellae are very fine, and the ears auriculate tapering to an angular point, 
spinules are rare. 

Sections showing shell structure and enlarged figures of the weathered shell surface are 
given on Plate 16. 

Serial transverse sections (Text-fig. 22) of a paratype of M. compressus (Sibly)=szblyi (Thomas) 
show the large six-lobed cardinal process with narrow chilidial plates extending along its outer 
margins. The teeth are massive and are deeply inserted in the hinge sockets. The ventral 
median septum is high in the first sections, but the dorsal septum is not seen in sections at a 
distance of 2°5 mm. from the umbo. External spines were not preserved in this specimen but 
the roots appear as parallel tubes in the ventral interarea. 


Subfamily AIRTONIINAE nov. 
Genus AIRTONIA Cope, 1934 : 273 


Pl. 12, figs. 1, 2; Text-figs. 21A—D. 
Daviesiella auctt. (in part). 


EMENDED D1acGnosiIs. Medium size shell; valves highly concavo-convex; pedicle valve 
thickened posteriorly, rarely geniculated; ventral interarea low and ill-defined; small pseudo- 
deltidium; shell surface finely capillate with intercalations and bifurcations; spine row along 
hinge; spinules not observed on silicified shell. Interior of pedicle valve with short median 
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septum and posterior callosity; delthyrium bounded by lamellae terminating anteriorly in 
hinge teeth; adductors obliquely striated and set on platform; diductors striated longitudinally. 
Brachial valve with prominent trilobate or quadrilobate cardinal process, the median lobe 
bifid on internal and external face, process supported by two prominent diverging septa; 
breviseptum developed between rounded accessory or anterior adductor scars, posterior 
adductor scars large, not dendritic; brachial ridges hook-shaped extending laterally; sockets 
groove-like with short supporting ridges; vertical plate-like ridges developed anteriorly, one of 
which forms breviseptum. 








C 





Fig. 21. Airtonia hudsoni Cope. A. Diagrammatic representation of pedicle 
valve showing the prominent hinge teeth, reduced interarea, median septum 
and posterior callus thickening, and adductor and diductor muscle scars. x 1}. 
B. Interior of brachial valve showing the prominent quadrilobate cardinal 
process supported by two strong lateral septa and the slightly curved socket 
ridges. The brachial ridges, br., extend laterally. The adductor scars are broad 
and enclose oval accessory scars. The breviseptum is continued anteriorly as 
one of a number of elevated plate-like ridges. x 14. 

C, D. Enlargement of internal and external face of cardinal process. x 5. 
Lower Carboniferous, Visean, C2 subzone, Airton Green, near Settle, Yorkshire. 
BM. B.86710 (see Pl. 12, figs. 1, 2). 


Type SPECIES. Airtonia hudsoni Cope, 1934. 
RANGE AND DISTRIBUTION. Lower Carboniferous, Visean, C, subzone, near Settle, 
Yorkshire, England; Avesnes, Belgium, and France. 
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SPECIES ASSIGNED TO GENUS. 


Airtonia hudsoni Cope. Lower Carboniferous. Lower Airton Limestone, C, subzone, near Airton Green, Kirk Gait 
Hill, and Scosthrop Lane, near Settle, Yorkshire; C, subzone, Breedon, Leicestershire; probably also from 
Avesnes, Belgium and France. 


DISTINGUISHING CHARACTERS. Airtonia is distinguished from Daviesiella by its 
smaller dimensions, less massive pedicle valve, absence of a dorsal interarea, and by differences 
in internal structure, such as the prominent trilobate or quadrilobate cardinal process supported 
by two short divergent septa, the hook-shaped brachial ridges extending laterally, and the 
anterior plate-like ridges, one of which forms the breviseptum. 

It is distinguished from Megachonetes by its more concavo-convex valves, absence of a 
dorsal interarea, less developed ventral interarea and by internal differences as mentioned above. 

The differences from Delepinea are quoted under that genus. 

REMARKS. The specimens of this genus so far seen were partially silicified and were etched 
out by Cope (1934) from a compact dolomitized limestone by means of concentrated. hydro- 
cloric acid. The silica was in the form of small quartz crystals. 

Cope (1934: 276) described the holotype of A. hudsoni as being 48 mm. long, 46 mm. wide 
and about 26 mm. thick; with greatest width just anterior to the hinge-line, and having a 
strongly convex pedicle valve, steep flanks, with incurved tapering umbo, and umbonal angle 
of 120°. The shell is capillate, the capillae rather even and increasing slightly in width anteriorly. 
Increase in number is by means of bifurcations and intercalations. There are 25 capillae in 
IO mm. at 20 mm. from the umbo. The hinge-line is very slightly curved. Spines are not pre- 
served and their angle with the hinge is unknown. Owing to the silicification of all the speci- 
mens so far examined the presence of spinules could not be ascertained. 'The brachial valve is 
thin, uniformly concave with a straight hinge-line, but no interarea is developed. The ornament 
is similar to that of the pedicle valve. 

In the pedicle valve there is an indefinite interarea and anteriorly a flat shelf which together 
may be 5 mm. wide and are usually covered by the brachial valve. ‘There is a deep visceral 
cavity. The delthyrium is bounded laterally by strong lamellae which are divided by a shallow 
groove. The teeth are stout and a pseudodeltidium may be developed. The median septum is 
thin and divides the obliquely striated adductors which are set on an elevated. platform. ‘The 
diductors are large, flabellate, and longitudinally striated. The remainder of the interior has 
radially arranged pustules. In the region of the adductor platform the shell may be about 6 mm. 
thick but thins rapidly anteriorly. 

In the interior of the brachial valve the cardinal process is prominent, trilobate or quadrilo- 
bate on the internal face. The median lobe is bifid, but on the external face there are two elon- 
gate median lobes separated by a median furrow. The sockets on each side of the cardinal 
process are narrow, and supported by short socket ridges extending near the hinge. ‘Two septa 
diverge at a low angle from the cardinal process and extend about 10 mm. ‘Two small oval 
muscle scars, possibly accessory or anterior adductors, lie at the end of the diverging septa 
and are enclosed within broad longitudinally striated adductors. From the outer margin of the 
adductors are hooked ridges extending laterally, and presumed to be brachial ridges. Radial 
ridges are developed on the anterior half of the valve and become vertical lamellae near the 
anterior and lateral margins. One of these lamellae extends into the angle between the two 
diverging septa forming the breviseptum. 


* 
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The internal characters of four examples of the brachial valve were found by Cope to 
be very constant in development. Variation in the pedicle valve was found to be mainly due 
to the age of the specimen, but the profile of all the specimens examined was found by Cope to 
be identical though there was a tendency for the development of a trail in some gerontic 
individuals. ‘The thickness of the shell was found to vary, also the size and shape of the muscle 
scars, and the septum of the pedicle valve. The latter varied from a well-developed median 
septum to an apical callosity only, and is, therefore, of little value in classification. 

According to Cope (1940) Daviesiella does not occur outside England and Wales. The 
records of that genus at Avesnes in Belgium refer to Azrtonia. Other records of its occurrence 
in France and Europe generally and in N. Africa probably relate to species of Delepinea. 


INCERTAE SEDIS. 
Genus RETICULATOCHONETES Bublichenko, 1956 : 97 


This genus was rather poorly defined and the characters listed by Bublichenko in his 
diagnosis do not distinguish the genus from other chonetoids. The internal characters are 
said to be imperfectly known. The original diagnosis reads:* ‘Convexo-concave shell with 
straight hinge-line, with a palintrope in both valves. Shoulders of the ventral valve furnished 
with spines. Cardinal process bifurcate. Surface covered with herring-bone-patterned. inter- 
secting ribbing which forms a reticulate pattern. On the surface of the ventral valve elongate 
tubercles are found.’ 

Type Species. Reticulatochonetes lautus Bublichenko, 1956. 

DISTRIBUTION. Lower Carboniferous, Lower Tournaisian, Cr‘, Tarkhan section at the 
village of Tarkhauskoe on the Ulb river, Rudny Altai, Kazakhstan. 

DESCRIPTION. From Bublichenko’s description of the holotype and from remarks in 
the generic description the following definition of this genus has been compiled. No specimens 
were available and the publication was not available in any of the London libraries. 

The shell is large and the valves are strongly concavo-convex. The hinge is slightly less 
than the greatest width of the shell and the cardinal angles are obtuse. There is a narrow 
interarea in the pedicle valve, and is of greater width than that of the brachial valve. The orna- 
ment consists of equally developed fine capillae and growth-lines forming a fine meshwork. 
There is a row of fine short spines along the hinge and the pedicle valve is said to have irregu- 
larly arranged long tubercles [ ?=spinule bases]. 

The interior structure is said to be similar to that of Daviesiella comoides but there is no 
median septum in the pedicle valve but possibly a median depression. The diductor scars are 
flabellate, deeply inserted, and set far apart. The adductors are not mentioned. The only 
character mentioned in the brachial valve is the small cardinal process which is said to be 
medianly incised. 

The relationship of this genus is uncertain. No measurements are given hence it is im- 


* Translation furnished by Mrs. G. Arthur Cooper of Washington, D.C. 
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possible to say if it is near to Megachonetes or to Delepinea gen. nov, and Airtonia. The number 
of capillae or costellae in 10 mm. is not stated. A fuller description from better preserved 
material is necessary. 


Genus EOCHONETES Reed, 1917 : 916 


Eochonetes was described by Reed as a subgenus of Chonetes with type species C. (Eocho- 
netes) advena Reed, from the Upper Ordovician, Caradocian, Starfish Bed, Drummuck group, 
Girvan, Ayrshire. It has no spines along the hinge, but has four to five oblique hollow tubes 
on each side of the umbo penetrating the interarea. The capillae are separated by finer radii. 
The ornament and musculature are plectambonitid. O. 'T. Jones (1928) referred the species 
to the plectambonited genus Sowerbyella. It is clear that Eochonetes is an offshoot of plec- 
tambonited stock and is not a true chonetid. Only one species of Eochonetes is at present 
known. 
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Fig. 22. Serial transverse section through the two valves of Megachonetes siblyi (I. Thomas) showing the 
ventral interarea and pseudodeltidium in sections 1-4; large quadrilobate cardinal process with narrow 
chilidial plates extending along the lateral margins in sections 3-8; teeth inserted in hinge sockets in sections 
7-11; ventral median septum in sections 8-13; and spine roots in sections 5—8. Sections drawn at 0-2 mm. 
apart, except 13 which is 0-4 mm. The shell of both valves was imperfectly preserved and disintegrated 
at a distance of 4-7 mm. from the most posterior part of the pedicle valve. The dorsal median septum was 
not observed and is anteriorly placed as in Delepinea. Lower Carboniferous limestone, Upper Visean, D2 
subzone, Wirksworth, Derbyshire. BM. BB.47574. x 2. 
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Fig. 23. Serial transverse sections of two specimens of Neochonetes granulifer (Owen). Sections 1-4 show 
early stage with cardinal process in central position. The spine openings and roots appear as white dots. 
Section 5 shows the teeth almost in contact with the cardinal process. The teeth are inserted in the sockets in 
section 6. The ventral median septum is seen in sections 3-8. Sections at o-1 mm. apart. U pper Carboniferous 
Pennsylvanian, Missouri, U.S.A. Sections 1-4, BM. BB. 39348; 5-8, BB. 39347. x 13. 
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Fig. 24. Rugosochonetes celticus sp. nov. Sections through the two valves showing the ventral median septum 
in 2 and 3, internal spine openings and bases appearing as white dots in sections 1-3. The imperfect cardinal 
process is seen in sections 5-8, and teeth and sockets marginally placed in section 4. Lower Carboniferous, 
Visean, Peter’s Crook quarry, Penton, Cumberland. BM. B.5394. x 2. 
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Anopliopsis, 5, 6, 12, 23, 54, 55, 56 
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Articulation of valves, 14, 15 
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BEECHER, C. E., 10 

Bifurcation of costae, 9, 20 
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— ridges, 13,* 14, 20, 29, 31, 33, 46,* 79,* 97,* 108* 
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— valve= dorsal valve, 20, 31 
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Cadomellacea, 1, 28, 30 
Cadomellidae, 30 
CAMPBELL, K. S. W., 38, 68 
Capillae, 4, 9, 10, 20, 22, 31, 32, 41 
CasTER, K., 96 
Cardinal angles, 7 
— process, 4, 7, 8, 10, 11,* 12, 13,* 14, 15, 20, 22, 29, 
32, 33, 36,* 44,* 46,* 53,* 58,* 62,* 93,* 100* 
Cuao, Y. T., 28 
Chilidial plates, 7, 12, 20, 22, 34 
Chilidium, 1, 7, 11,* 12, 20, 22 
Chonetacea, 1, 29-31, 35 
Chonetella, 26-28 
artiensis, 57 
minima, 57 
sinuata, 5'7 
var.[ = Chonetina] sinuata, 85 
Chonetes, derivation of name, 37 
—, range and distribution, 36 
—, species assigned to, 36 
—, sens. str., 7, II, 12, 14, 22, 24, 27, 29, 31, 35, 36, 39 
— — — species 
boblayet, 36 
failandensis, 36, 73 
kayserianus, 36 
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plebejus, 36, 39 
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sarcinulatus, 14, 24-26, 36, 37-40, 107, type species 
sauntonensis, 36, 39 
semiradiatus, 31, 36, 38, 39 
sordidus, 36 
unkelensis, 36 
— sens. lat. species 
acanthophorus, 87 
aequicostus, 26, go 
amazonicus, "77 
ambiensis, 26, 77 
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arcet, 93 
arcuatus, type species of Eodevonaria, 93 
armatus, type species of Retichonetes, 63 
atoostookensis, 41 
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Chonetes (cont.) 
aureolus, 65 


aurora, 64 

austenianus, 26, 90 

avicula, 90 

barnsiensis, 26, 90 

beetzii, 63 , 


billingsi, 47, 82 

biplicatus, 86 

blandfordt, 86 

brinkmanni, 65 

broilii, 105 

buchianus, type species of Plicochonetes, 24-26, 82 

cf. buchianus, 73 

burlingtonensis, 65 

canadensis, 41 

carboniferus, 38, 87 

ceratoides, 50 

chesterensis, 65 

cingulatus, 40, 41, 52 

comoides, 25, 98 

complanatus, 95 

compressus, type species of Megachonetes, 26, 105 

concentricus, type species of Semenewia, 25, 91 

consanguineus, type species of Dyoros, 74 

cornutus, 25 

coronatus, 10, 39, 44, 45 

crassistrius, 82 

cf. crassistrius, 73 

crenulatus, 26, 63 

cumbriensis, 65 

dalmanianus, 24, 25, 38, 105 

davousti, 82 

dawson, 95 

deflectus, 47 

deplanatus, 26, 90 

destinezi, 101 

dichotomus, 26, 9° 

dichotomus var. bilotensis, go 

— — pluriplicata, 90 

dilatatus, 25 

diminituvus, 59 

dominus, type species of Neochonetes, 87 

? douvillet, 63 

elegans, 65, 82 

emmetensis, 47 

ensicostus, 39 

extensus, 93 

falklandicus, 12, 26 

filistriatus, 44 

flemingi, type species of Chonetinella, 85, 86, 89 
— var. alata, 86 

— — crassiradiata, 86 

— — plebeia, 86 

fragilis, 87 

geinitzianus, type species of Lissochonetes, 27, 77 

gibbosus Hall (=C. deflectus Hall), 47, 78 

glaber [=geinitzianus Waagen], 78 
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glenparkensis, 82 
gloucesterensis, 19 
grandicostus, type species of Waagenites, 26, 90, 


gI 
granulifer, 15, 87, 89, 113* 
— var. armatus, 87 
— — emaciatus, 87 
— — semiacanthus, 88 
— — stantonensis, 88 
— — transversalis, 88 
hallei, 50 
hardrensis, 39, 66, 67 
— var. skipseyt, 63, 68 
— — thibetensis, 63 
cf. hardrensis, 73 
hillanus, 27, 74 
illinoisensis, 38 
interstriatus, 82 
koninckianus, 47 
kutorganus, 64 
laevigatus, 55 
laevis, type species of Eolissochonetes, 76 
laevis, 77 
laguessianus, 24, 25, 38, 65 
cf. laguessianus, 72 
laguessiana acutus, 65 
laguessiana transversalis, 65 
? — Jatesinuatus, 86 
latus, 24, 52 
lepismus, 4, 55 
lindenensis, 96 
littont, 46 
lobatus, 80 
logani, 63 
maclurea, 46 
macrostriatus, 47 
margaritaceus, 82 
marylandicus, 63 
mcmahoni, 82 
mediocostalis, 41 
mediolatus, 44 
meekanus, 78, 88, 89 
melonicus, 93 
mesolobus, type species of Mesolobus, 27, 79, 80 
— var. decipiens, 76, 80, 81 
— — euampygus, 80 
— — inflexus, 80 
minutus, 25 
? morahensis, 90 
mucronatus Hall, 1843 (=C. laticostus Hall, 1857), 47, 

78, 89 
multidentata, 105 
murchisont, 105 
nanus, 26, 63, 82 
nataeformis, 39 
novascoticus, 41, 50 
— var. missendenensts, 41 
obtusus, 77 
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Chonetes (cont.) Chonetes (Daviesiella) comoides var. rhenana Paeckelmann, 


ostiolatus var. tmpressus, 77 100 


— — minusculus, 77 

papilionaceus, 25, 105 

papilioniformis, 86 

paucistria, 41 

perlatus, 25 

permianus, 27 

phillipst, 63 

politus, 26 

pratti, 13,* 88 

primigenius, 2, 41 

puebloensis, 88 

pusillus, 47 

quadratus, 84 

reversa, type species of Chonostrophia, 95 
robustus, 10, 44, 46 

sarcinulatus var. plana, 38 [see Chonetes sens. str.] 
scanicus, 41 

scitulites, 44 


— dannenbergi, 105 

— franconicus, 101 

— megaera, 101 

— munsteri, 101 

— papilio, 105 

— piedboeufi, 101 

— ratingensis, 101 

— (Dienerella) grandicosta var. biplex, go 

— robinsoni, go 

— (Eochonetes) advena, type species of Eochonetes, 2, 
III 

(Eodevonaria) celtica, 2, 41 

— primigenius, 41 

— [Rugosochonetes] aureolus, 68 

— malevkensis, 65 

— upensis, 65 

— znamenskensis, 65 

— (Tornquistia) schmierert, 59 


Chonetidae, 27, 28, 31 


scitulus, 10, 44 
Chonetina, 5, 10, 12, 14, 23, 29, 56, 57 


semiovalis, 26, go 


serratus, 26 _, species assigned, 56 
setiger, 26 artiensis, 56 
shumardianus, 25 dalmirensis, 57 

stblyt, 105 krotovt, 57 
skottsbergt, 49 minima, 57 


smithi, 88, 89 
spinoliratus, 86 
spinoliratus diabloensis, 86 
squamuliferus, 26, go 
squamus, 26 

stoddarti, 74, 82 
striatellus, 24, 50 
strophomenoides, 26, 88 
stiibeli, 47 
subcancellata, 63 
subhemisphaerica, 94 
subliratus, 2'7, 74 

? subminimus, 82 
subquadratus, 94 
sulcatus, 25, 105 
syrtalis, 44 
tenuicostatus, 4 
tenuisiriatus, 50 
trapezoidalis, go 
tricornis, 82, 83 
tuberculatus, 26 
tumidellus, 44 

tuomyt, 46 

variolatus, 24, 26, 88, 89 
— var. baroghilensis, 88 
verneuilianus, 86 
victoriana, 86 

vishnu, 26 

wagert, 88 


moelleri, 57 

noenygaardi, 57 

sinuata, 57 

flemingi, 57 [see Chonetinella] 

primitiva, 86 [see Chonetinella] 

robusta, 86 [see Chonetinella] 

rostrata, 86 [see Chonetinella] 

subcarinata type species of Anopliopsis, 55 
verneuiliana var. obscura 86 [see Chonetinella] 


Chonetinae, 27, 31, 35 
Chonetinella, 5, 6, 8, 10, 14, 23, 28, 29, 80, 85-87 


species assigned, 86 
biplicatus, 86 
blanfordi, 86 

flemingi, 57, 86, 89 
— var. alata, 86 

— — crassiradiata, 86 
— — plebeia, 86 
latesinuata, 86 
papiliontformis, 86 

? primitiva, 86 
robusta, 10, 44, 46 
rostrata, 86 
spinoliratus, 86 

— diabloensis, 86 
verneuilianus, 23, 86 
— var. obscurus, 86 
— — wyandottensis, 86 
victoriana, 86 


Chonetinellinae, 31, 32, 85 
Chonetipustula, 27 


wunstorfi, 105 
zimmermanni, 105 








128 


Chonetoid genera, range of, 3 
— shell, size of, 7 
Chonetoidea, v, I, 2, 30, 31, 34, 35 
Chonostrophia, 5, 7, 10, 11, 12, 22, 27, 28, 31, 95 
— species assigned, 95 
complanata, 95 
dawsont, 95 , 
helderbergica, 96 
knodi, 95 
lindenensis, 96 
reversa, 96 
Chonostrophiidae, 31, 33, 95 
Classification, family and subordinal, 28 
—, historical, 23 
—, proposed new, 29, 30 
‘Comatae’, 25 
‘Concentricae’, 25 
Cooper, G. A., v 
Cooper, G. A., & WILLIAMS, A., 2 
Core, F. W., 16, 98, 103 
Costae, 9, 20 
Costella, ae, 9, 20, 31 
Cuticle, 5 
Cvancara, A. M., 19, 39 


DaLL, W. H., 25 
Datman, J. W., 24 
Davipson, T., 2, 26, 101 
Daviesiella, 5, 6, '7, 11, 12, 14, 15, 22, 27-29, 31, 33, 34, 
96, 97,* 98, 101, 102, 106, 107, 109, I10 
—, species assigned, 97 
derbiensis, 16, 97 
llangollensis, 7, 16, 26, 97, 104 
notata, 97 ‘ 
Daviesiellidae, 30, 31, 33, 96 
Daviesiellinae, 33, 96 
DELEPINE, G., 38 
Delepinea, 5, 6,7, 11, 12, 16, 31, 33, 97, 99, 100,* 101-105 
—. species assigned, 99 
carinata, 16, 100,* 102-104 
comoides, 19, 24, 99, 100,* 102-104 
— var. rhenana, 100 
destinezi, 16, 102, 103 
franconicus, 101 
gigantea, 101 
megaera, 101 
munstert, 1O1 
piedboeufi, 101 
ratingensis, 1O1 
Delepineinae, 31, 33, 99 
Delthyrium, 7, 8, 10, 11, 20, 30 
Dendritic muscle scars, 15, 20 
Dental lamellae, 11, 22, 29 
Denticulate hinge, 4, 11, 14, 15, 31, 33, 92, 93* 
DESTINEZ, P , 102 
Devonochonetes, 12, 22, 37, 39, 43-45, 49 
—, species assigned, 44 
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amplus, 44 

coronatus, 10, 39, 44, 45 

filtstriatus, 44 

mediolatus, 44 

robustus, 10, 44, 46 

scitulites, 44 

scitulus, 10, 44 

syrtalis, 44 

tumidellus, 44 
Devonochonetinae, 31, 32, 43 
Devonoproductus, 18 
Diductor muscles, 15 
Diductor muscle scars, 11,* 13,* 15, 16, 20, 36,* 62,* 

93,* 100,* 108* 

Dienerella, [= Waagenites], 90, 91 
Ditiwyn, L. W., 23 
Dorsal valve= brachial valve, 20 
Dorsman, L., 68 
Dunpar, C. & Conpra, G. E., 9, 17, 19, 27, 57, 78 
DunuaM, K. C. & STUBBLEFIELD, C. J., 61 
Dyoros, 5, 11, 28, 74, 75, 84 
—, species assigned to genus, 74 

consanguineus, 74, 75 

hillanus, 74 

magnus, 74, 75, 88 [? Neochonetes] 

sp. aff. Chonetes alatus, 74 

subliratus, 74 


Ears, 7 
Echinoconchus, 92 
Epmonps, J. M., 66 
Enters, G. M. & King, V., 47 
Endospines, 6, 13,* 14, 17, 18, 19, 20, 30, 34, 44* 
Eochonetes, 22, 27, 111 
advena, 2, 111 
Eodevonaria, 4, 11, 14, 22, 25, 27, 31, 92, 93-95 
acutiradiata, 93 
arcel, 93 
arcuatus, 93, 94, 95 
aff. arcuatus, 93 
dilatatus, 25, 93 
extensus, 93 
imperialis, 93 
— var. parva, 93 
— — transversa, 93 
katzeri, 93 
melonicus, 93 
reed, 94 
subhemisphaerica, 94 
subquadratus, 94 
venezuelensis, 94 
Eodevonariidae, 31, 33, 92 
Eolissochonetes, 5, 75 
—, species assigned, 76 
bilobatus, 75,* 76 
Reyest, 75,* 76 
laevis (=keyest), 75, 76 
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Epithelium, 17, 18 
Evolution of Chonetoidea, 1, 22 
External morphology, 7 


Fibrous shell layer discussed, 9, 16, 17, 19, 20, 21, 30 
FISCHER DE WALDHEIM, G., 24, 37 

Fold, 20 

Foramen, 10, 12 

— supra-apical discussed, 10, 22, 33 


GaLLwiTz, H., 83 

Garwoop, E. J., 106 

GeIniTz, H. B., 78 

Geological Society, collection of, 2 
Gu, E. D., 5 

Girty, G. H., 26, 81 
‘Grandicostatae’, 26, go, 91 
Growth lamellae, 11,* 29, 75* 


HALL, J. & CLarKE, J. M., 12, 28, 54 

Hinge, 7, 13,* 20 

— sockets, defined, 13,* 14, 20, 33, 44,* 46,* 62,® 
70," 168° 

— spines, 13,* 21, 24, 46* 

— teeth, 6, £1, 23," 14, 28, 29, 33, 44," 46,* 62,* 75," 
79,* 97,* 100* 

Hoare, R. D., 76 

Homoeomorphy, 29 

Huepscu, J. W. K. A., 37 

‘Hystertolithes vulvarius’ , 37 


Imbricate, term defined, 21 

Imprig, J., 39 

Interarea, 4, 7, 8, 11,° 13,° 15, 20 22,°62,;° 97, * 100" 
— reflexed, 8 

Intercalation, term defined, 21 

Intercostal sulci, 17 

Internal morphology, brachial valve, 11,* 12, 13* 

— — of pedicle valve 10, 11,* 13* 

Isogramma, 92 

Ivanov, A. P. & Ivanova, E. A., 27, 60, 81 


Jones, O. T., 2 


Kansuella, 27 

Kayser, E., 96 

Koninck, L. G., DE, 24, 25, 83 
Koz.owsk], R., 78 

Krotow, P., 57 


‘Laeves’, 26, 27 
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Lamellar shell layer, 16, 17, 21, 30 
Lateral septa, 4, 12, 13,* 15, 21, 29, 31, 36,* 44,* 62,* 
75,° 34," 100," 108" 
Length of shell, defined, 7, 11* 
Leptaena, 6, 10, 18, 25, 28, 46 
grayl, 2 
laevigata, 2 
lata, 24 
minima, 2 
nucleata Hall, 1857, type species of Anoplia, 54 
semiradiata, 36 
sordida, 36 
variolata, 25 
vicina, 63 
volva, 105 
Leptaena (Chonetes) polita, 59 
Leptagonia, 19 
Life habits of Chonetoidea, 5 
Lissochonetes, 5, 14, 26-28, 54, 74, 76-78, 80 
—, species assigned, 77 
amazonicus, '77 
ambiensis, 26, 77 
assula, 77 
derelicta, 77 
geinitzianus, 27, 77 
[—] geronticus, 77, 84 [see Quadrochonetes] 
— plattsmouthensis, 77, 84. [see Quadrochonetes] 
— senilis, 77 
laevis, 77 
— (=heyest), 76, 77 
minutus, 25, 77 
obtusus, 77 
ostiolatus, 77 
— var. impressus, 77 
— — minusculus, 77 
primartus, 7 
stnesulcus, 77 
? aviculus, 26 
? bipartitus, 26 
? morahensis, 26 
? trapezoidalis, 26 
LisTER, M., 23 
Longispina, 8, 12, 39, 46*-48 
billingst, 47, 82 
deflectus, 47 
emmetensis, 46, 47 
gibbosus, 47, 78 
koninckianus, 47 
letonanus, 47 
lissohybus, 47 
macrostriatus, 47 
mucronatus, 47, 78, 89 
pelta, 47 
pusillus, 47 
stiibelt, 47 
subcalva, 47 
Lophophore, 30 
spirals, 14, 30 


| 
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McCoy, F., 28 
MAILtievx, E., 104 
Mantle, 5, 9, 17, 19 
Median fold, 5, 6, 10, 20, 29, 32 
— plates, 23 
—peptiin, 4, 7, 11,° 12, 13,% Sk, 23, 31, 32, 34 
— sulcus, 5, 6, 10, 22, 29, 32 ' 
Megachonetes, 5, 7, 8, 14, 17, 18, 23, 25, 27, 31, 105, 112* 
broilii, 105 
dalmanianus, 6, 24, 25, 38, 105, 107 
dannenbergi, 105 
multidentata, 105 
murchisoni, 105 
papilio, 105 
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Plate 1 
CHONETES s. str. 


Chonetes plebejus Schnur. p. 39 


1, 2. Group of specimens showing pedicle valve , with 
bifurcating costellae, and the interior of the brachial valve. 
x 2. Lower Devonian [Coblenzian], Emsian, Priim, Eifel. 
BM., BB. 41084. 


Chonetes plebejus Schnur. p. 39 


Internal cast of brachial valve interior showing fine diverging 
septa and papillae near valve margin. x 3. Lower 
Devonian, Emsian, Priim, Eifel. BM., BB. 41083. 


Chonetes sarcinulatus (Schlotheim). p. 36 


Internal cast of pedicle valve showing bases of spines ex- 
tending towards umbo. x 1}. Lower Devonian, Emsian, 
Teufelstock, Coblenz, Germany. BM.., B. 24581. 


Chonetes semiradiatus (J. de C. Sowerby). p. 38 


Brachial valve exterior seen in reverse for comparison with 
fig. 12a, showing capillae posteriorly and smooth anterior 
of valve. Xx 14. Lower Devonian [Coblenzian], Emsian, 
Eifel. BM., BB. 41087. 


Chonetes sarcinulatus (Schlotheim). p. 36 


Internal cast of pedicle valve showing fine capillae, slit 
representing septum, and traces of spines along hinge. x 2. 
Lower Devonian, Eifel, Germany. BM., BB. 41136. (See 
also Text-fig. 4B.) 


Chonetes failandensis S. Smith. p79 


Slab showing well preserved interiors of brachial valve with 
fine diverging septa, and pedicle valve with bifurcating 
capillae. x 13. Lower Carboniferous, Tournaisian, K2 
subzone, Bristol. BM., B. 16719. 


Chonetes failandensis S. Smith. Syntypes. pi iS 


Slab showing exterior of brachial valve and interior of 
pedicle valve with long septum. 2. (Syntypes descr. 
S. Smith, 1925: 85.) Lower Carboniferous, ‘Tournaisian, 
top of K2 subzone, St. Monica’s Home, Westbury, near 
Bristol. BM., B. 44901. 


Chonetes failandensis S. Smith. pi 13 


Slab showing exteriors of pedicle valve and interiors of 
brachial valve. X 14. Lower Carboniferous, K zone, Avon 
Gorge, Bristol. SM., E. 11021-23. 


Fig. 
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Chonetes sauntonensis F. R. C. Reed. Holotype. p. 39 


Internal cast of pedicle valve showing bifurcating capillae. 
x 3. (Figd. Whidborne, 1898, pl. 22, fig. 4, as C. hardren- 
sis Phillips, and described as holotype of C. (Plicochonetes) 
plebeia Schnur var. sauntonensis Reed, 1943.) Upper 
Devonian, Pilton Beds, Saunton Hotel, near Croyde, N. 
Devon. SM., H. 293. 


Chonetes plebejus Schnur. p. 39 


Internal cast of pedicle valve showing traces of flabellate 
diductor muscle scars and septum. x 1}. Lower 
Devonian [Coblenzian], Emsian, Coblenz, Eifel, Germany. 
BM., B. 83838. 


Chonetes sarcinulatus (Schlotheim). p. 36 


12a. Interior of brachial valve from actual specimen, and 
impression of exterior of brachial valve of C. semiradiatus 
(J. de C. Sowerby) corresponding to that shown in fig. 5. 
% 2. 12b. Wax squeeze of brachial valve showing well 
defined inner and outer socket ridges, fine diverging septa 
and bilobate cardinal process. x 2} approx. Lower 
Devonian, Emsian, either from near Rammelsberg, near 
Goslar, or Coblenz, Germany. Original in Humboldt Uni- 
versity, Berlin, plaster cast and wax squeeze in BM., BB. 


11301. (See also Text-fig. 44.) 


Chonetes plebejus Schnur. p. 39 


Impression of exterior and internal casts of brachial valve 
interior showing fine diverging septa. X 2. Lower 
Devonian, Eifel, Germany. BM., BB. 41086. 


Chonetes sarcinulatus (Schlotheim). p. 36 


Poorly preserved exteriors of both valves to show fine 
capillate ornament, with intercalations and bifurcations. 
x 2. Lower Devonian, Eifel, Germany. BM., BB. 41085. 


Chonetes sarcinulatus (Schlotheim). p. 36 


Interior of pedicle valve showing median septum. * 1}. 
Lower Devonian, Uebergangskalk, Eifel, Germany. BM., 
BB. 41137. 
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Plate 2 
NOTIOCHONETES, SEMENEWIA, STROPHOCHONETES 


Notiochonetes skottsbergi (J. M. Clarke). p. 48 


la. Internal cast of pedicle valve showing diductor muscle 
scars with longitudinal ridges, and septum and spine roots 
along hinge. x 2. 1b. Wax squeeze of same. Natural size. 
lc. Same. X 2. Late Lower Devonian [Fox Bay Beds], 
N. side of N.E. Creek, Port Salvador, E. Falkland Islands. 
BM., BB. 17496. (See also Text-fig. 84.) 


2.a-c. Notiochonetes skottsbergi (J. M. Clarke). p. 48 


2a. Wax squeeze of interior of brachial valve showing 
prominent quadrilobate and ventrally projecting cardinal 
process, low breviseptum and two prominent lateral septa 
and deeply excavated hinge sockets with extra plate, 
? = chilidial plate at base of cardinal process. X bins 
2b. Same, approx. nat. size. 2c. Same, with more posterior 
view of cardinal process. Horizon and locality as for fig. 1. 


BM., BB. 17505a. (See also Text-fig. 8B.) 
Notiochonetes skottsbergi (J. M. Clarke). p. 48 


Imperfect impression of exterior of shell, showing capilla- 
tion, and spinule bases. x 2. Horizon and locality as for 


fig. 1. BM., BB. 175058. 


Strophochonetes primigentus (Twenhofel). Holotype. p.2 


Slab showing interior of pedicle valve with hinge teeth, 
median septum and row of spines along hinge and capillate 
exterior of same valve with enlarged median capilla. x 2. 
? Lower Silurian, Becsie formation, Wreck Beach, Anti- 
costi Island, Canada. YPM. 10329. Figd. Twenhofel 
(1914: 26, pl. 1, fig. 4; also 1928, pl. 18, fig. 8). 


Semenewia concentrica (de Koninck). p. 91 


Impression of pedicle valve showing curved erect spines 
along the hinge. x 2. Lower Carboniferous, Visean, Visé, 
Belgium. BM., B. 18053. 


Fig. 


6. 


10. 


11. 


Semenewia concentrica (de Koninck). p. 91 


Exterior of pedicle valve showing concentric ornament. 


x 2. Horizon and locality as for fig. 5. BM., BB. 39346. 


Strophochonetes tenuicostatus (Oehlert). p. 43 


Interior of pedicle valve showing short median septum and 
low ridges bounding diductor muscle scars. X 4, Lower 
Devonian, Siegenian or Lower Coblenzian, Néhou, France. 


BM., BB. 41126. 


Strophochonetes tenuicostatus (Oehlert). p. 43 


Exterior of pedicle valve showing vertical spines. Enlarge- 
ment of the median capilla occurs only posteriorly. x 2. 
Lower Devonian, St. Germain-le-Fouilloux, Mayenne, 


France. BM., B. 5945. 


Strophochonetes tenuicostatus (Oehlert). p. 43 


Interior of brachial valve showing median septum, lateral 
and accessory septa, bilobate cardinal process and alveolus, 
and socket ridges diverging from hinge. x 4. Locality and 
horizon as for fig. 7. BM., BB. 41127. 


Strophochonetes cingulatus (Lindstrém). p. 41 


Slab showing exterior of both valves, with enlarged median 
capilla in pedicle valve. x 3. Silurian, bed C. Wenlock 
Shale equivalent, I. of Gotland, Sweden. BM., BB. 41133. 


Strophochonetes cingulatus (Lindstrém). p. 41 


Slab showing exteriors of the pedicle valve with enlarged 
median capilla. x 2. Locality and horizon as above. 
BM., B. 10029. 
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Fig. 


. Protochonetes ludloviensis sp. nov. Holotype. 


Plate 3 
PROTOCHONETES (see also PI. 8) 
Fig. 

6. 


p. 50 


Holotype on upper left showing short oblique spines and 
bifurcating capillae of pedicle valve. x 3. Silurian, Upper 
Ludlow, under Bone Bed, Sheep Walk, Somers Arms, 
Eastnor, Herefordshire. BM., B. 10199. 


Protochonetes ludloviensis sp. nov. Paratype. p. 50 


Internal cast of pedicle valve showing septum bifurcating 
posteriorly, and three spines projecting from hinge. Ds 


Upper Ludlow Beds, Ludlow, Shropshire. BM., B. 
94479a. (See also Text-fig. 9C.) 
Protochonetes ludloviensis sp. nov. Paratype. p. 50 


Pedicle valve with one straight spine attached. x 4. Upper 
Ludlow Beds, Ludlow, Shropshire. BM., B. 94468. 


Protochonetes ludloviensis sp. nov. Paratypes. p. 50 


Young specimens showing ornament. 4. Upper Lud- 
low Beds, Ledbury Tunnel, Herefordshire. BM., B. 10200. 


p. 50 


Same slab as fig. 2 with impression of pedicle valve showing 
oblique spines along hinge, and internal cast of brachial 
valve interior showing two lateral septa and low, broad 
median septum. X 3. Locality as for fig. 3. BM., B. 
94479b. (See also Text-fig. 9B.) 


Protochonetes ludloviensis sp. nov. Paratypes. 





Protochonetes ‘striatellus’ (Dalman). p. 52 


Exterior of pedicle valve showing spines, and interior of 
brachial valve with bilobate cardinal process and short 
supporting median septum, and diverging lateral septa. 
x 3. Upper Silurian, Ostergarn, I. of Gotland. BM., 
B. 5863a. 


Protochonetes ‘striatellus’ (Dalman). 


p. 52 


Same slab as fig. 6 with interior of pedicle valve showing 
bifurcating septum, and internal openings of spines along 
hinge, and two ridges diverging from umbo and probably 
bounding diductor scars. Part of a tentaculite said by Von 
Buch to be associated with his species Chonetes latus, can be 
seen on right. x 3. Upper Silurian, Ostergarn, Gotland. 
BM., B. 58630. 
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Fig. 


. Eodevonaria dilatata (Rémer). 


. Eodevonaria dilatata (Rémer). 


Plate 4 
EODEVONARIA and RETICHONETES 


p. 93 


Exterior of young pedicle valve with very fine capillae. 
x 1. Lower Devonian [Coblenzian], Emsian, Kirchof- 
bruch, near Alf on R. Mosel, Germany. BM., B. 24577. 


p. 93 


Wax squeeze of interior of brachial valve showing denticu- 
late hinge, median septum supporting cardinal process, 
lateral septa and curving socket ridges. x 1. Locality as 


above. BM., BB. 41129. (See also Text-figs. oD.) 
p. 93 


3a. Internal cast of pedicle valve. 3b. Wax squeeze of same, 
showing the denticulate hinge. x 1. Lower Devonian, 
Coblenzian, Laubach-on-the-Rhine, near Coblenz, Ger- 
many. BM., BB. 41128. (See also Text-fig. 18,A.) 


Eodevonaria dilatata (Romer). 


Eodevonaria dilatata (R6mer). 


p. 93 


4a. Posterior view of specimen showing denticulate hinge 
and cardinal process. X 2 approx. 4b. Internal cast of 
same brachial valve. x 2. 4c. Wax squeeze of same show- 
ing long socket ridges and median septum. 2. Lower 
Devonian [Coblenzian], Emsian, Braubach-on-the-Rhine, 
near Coblenz, Germany. BM., B. 86760. 


Eodevonaria dilatata (Romer). 


p. 93 


Exterior of highly convex pedicle valve showing fine capil- 
late ornament. X 1. Lower Devonian [Coblenzian], 
Emsian, Teufelsloch on the Ahr, Rhineland, Germany. 
BM.., B. 43008. 


Eodevonaria dilatata (R6mer). 


p. 93 


Exterior of damaged pedicle valve showing fine capillate 
ornament and denticulate hinge. x 14. Lower Devonian 
[Upper Coblenzian], Emsian, Laubach, near Coblenz, Ger- 
many. BM., B. 43007. 


p. 64 


Exterior of brachial valve showing wide interareas. x 24. 


Retichonetes minutus (Von Buch). 


Middle Devonian, Gerolstein, Eifel, Germany. BM., 
BB. 41117. 
Retichonetes minutus (Von Buch). p. 64 


Exterior of pedicle valve showing capillae and fine growth 
lines. X 4. Horizon and locality as for fig. 7. BM., 
BB. 41114. 


Fig. 
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Retichonetes minutus (Von Buch). p. 64 
Exterior of brachial valve. <x 4. Middle Devonian, Eifel, 
Germany. BM., BB. 41119. 

p. 64 


Exterior of pedicle valve showing marked transverse 
ornament. »% 4. Middle Devonian, Gerolstein, Eifel, Ger- 
many. BM., 66322. 


Retichonetes minutus (Von Buch). 


p. 64 


Interareas of both valves to show external face of cardinal 
process with 6 lobes. = 8. Middle Devonian, Gerolstein, 
Eifel, Germany. BM., B. 39720. 


Retichonetes minutus (Von Buch). 


p. 62 


Small slab with exteriors of pedicle valve and one brachial 
valve interior. X 2. Upper Devonian, Frasnian, Boulon- 
nais, France. BM., BB. 41120. 


Retichonetes armatus (Rigaux). 


p. 62 


Small slab with pedicle valve exterior having long spines 


Retichonetes armatus (Rigaux). 


preserved, and interior of brachial valve. x 3. Upper 
Devonian, Frasnian, Calcaire de Ferques, Ferques, 
Boulonnais, France. BM., BB. 41122. 

Retichonetes armatus (Rigaux). p. 62 


Slab showing several exteriors of the pedicle valve and one 
interior of the brachial valve. Xx 2}. Upper Devonian, 
Frasnian, Boulonnais, France. BM., BB. 41118. (See also 
Text-fig. 13). 


p. 62 


Slab showing exteriors of the brachial valve and interiors of 
the pedicle valve. 2. Horizon and locality as for fig. 14. 
BM., BB. 41121. (See also Text-fig. 13B.) 


Retichonetes armatus (Rigaux). 


p. 93 


Decorticated pedicle valve showing high convexity of 
pedicle valve, large ears, denticulate hinge and_ slit 
representing septum. X 1}. Lower Devonian [Coblen- 
zian], Emsian, Daleiden, Eifel, Germany. BM., BB. 41149. 


Eodevonaria dilatata (Rémer). 
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Fig. 
1, 2, 3. Anopliopsis subcarinata (Girty). 1, 2. Syntypes. 


9-12. Chonetina artiensis (Krotow). Syntypes. 


13. 


4,5, 7. Anopliopsis subcarinata (Girty). 


Piate 5 


ANOPLIA, ANOPLIOPSIS, CHONETINA, LISSOCHONETES, 
NOTANOPLIA, TORNQUISTIA 


p- 55 


1. Internal cast of pedicle valve with slit representing 
median septum. 2. Another specimen. 3. Internal cast 
of pedicle valve showing infillings of spine roots. All x 5. 
Mississippian, basal part of Ft. Payne Chert, 1, 2. station 
1822; 3. station 1841, Waynesboro’ quadrangle, Tennessee. 
(Originals figured by Girty, 1938, p. 280, figs. 8a, 6, 12.) 
USNM. coll. 


p55 


4, 7. Wax squeezes showing lamellose interior of brachial 
valve. 5. External impression of brachial valve. All x 5. 
4, 5. station 1841; 9. station 1821. Locality and horizon as 
above. (Originals figured Girty, 1938, p. 280, figs. in order 
of 13, 15, 14.) USNM. coll. 


Anopliopsis subcarinata (Girty). p. 55 


Internal cast of pedicle valve showing lamellose interior, 
and median septum. x 5. Station 1830. Locality and 
horizon as above. (Original figured Girty, 1938, p. 280, 
fig. 10.) USNM. coll. 


See under fig. 4. 
p. 58 


8a,b. Interior of ventral valve with median septum and six 
additional septa, two of which are probably lateral septa. 
The median septum, two lateral, and two accessory septa 
have a row of pits along top of septum. x 34 and x 1. 
Lower Devonian, base of Yeringian, Cable’s Creek, west 
side of Big River, Enochs Point district, Victoria. (Orig- 
inal figured Gill, 1951, pl. 3, figs. 1, 2.) Nat. Mus. 
Victoria Coll. (See also Text-fig. 11.) 


Notanoplia loyolensis Gill. Holotype. 


p. 56 


9. Exterior of pedicle valve. 10. Internal cast of pedicle 
valve showing deep median sinus. 11. Internal cast of 
brachial valve showing internal plates. 12. Pedicle valve 
umbo and interarea. All x 3. Lower Permian, Artinskian, 
Urma on the river Sylva, Ural Mts., Russia. (Copies from 
Krotow, 1885, pl. 4, figs. 18, 17, 16.) 


Anoplia nucleata (Hall). p. 53 


13a. Pedicle valve exterior. 136. Same valve, interior show- 
ing short septum. 13c. Lateral view. All x 4. Middle 
Devonian, Camden Chert, quarry at railroad station, 
Camden, Tennessee, U.S.A. BM., BB. 16318. (See also 
Text-fig. 10B.) 


Fig. 
14, 15. Anoplia nucleata (Hall). p. 53 


14a. Brachial valve exterior. 14b. Same specimen, pedicle 
valve exterior. 15a. Brachial valve exterior of another 
specimen. 15b.Same. Pedicle valve exterior. All x 4. 
Locality and horizon as for fig. 13. BM., (14) BB. 16317. 
(15) BB. 16319. 


16. Anoplia nucleata (Hall). Pp. 5 


16a. Exterior of brachial valve. x 4. 165. Interior of same 
valve showing diverging septa and two curved socket ridges. 
x 4. Locality and horizon as for fig. 13. BM., BB. 16320. 
(See also Text-fig. 10A) 


17-23. Tornquistia polita (McCoy). p. 59 


17, 18, 19, 20, 23. Exterior of five pedicle valves; fig. 20 
shows two nearly vertical spines. 21. Slab with four in- 
teriors of brachial valve showing diverging septa. 22. In- 
ternal cast of pedicle valve showing median septum. 
17, 20, x 4, other specimens, x 3. Carboniferous shales. 
Craigenglen, Stirlingshire, Scotland. BM., BB. 39337-38. 
(See also Text-figs 124-C) 


BE. EE 


24a. Pedicle valve. * 14. 246. Brachial valve and interareas 
with hinge spines of same specimen. x 3. Upper Pennsyl- 
vanian, Virgil, McKissick Shale, or Pierson Point Shale, 
Nebraska City, U.S.A. BM., BB. 39486. 


24. Lissochonetes geinitzianus (Waagen). 'Topotype. 


p. tt 


Interior of brachial valve showing anteriorly placed median 
septum, short lateral septa and prominent brachial ridges. 
x 3. Pennsylvanian, St. Clair Co., Illinois, U.S.A. BM., 
BB. 41110. 


25. Lissochonetes geinitzianus (Waagen). 


26, 27. Lissochonetes geinitzianus (Waagen). ‘Topotypes. p. 77 


Two pedicle valves showing spines. 33. Upper 
Pennsylvanian, Pierson Point Shale or McKissick Grove 
Shale, Nebraska City Clay pit, U.S.A., said to be the type 
horizon and locality. BM., BB. 7162a and 6b. 


28, 29. p. 87 


28. Exterior of pedicle valve showing long, slightly curved 
spines, and faint capillation. x 3. 29. Brachial valve and 
interareas of both valves. x 3. Upper Permian, Magnesian 
Limestone, Hartley’s Qy., Sunderland, Durham. (Original 
figured T. Davidson, 1880, pl. 30, figs. 1, 2.) BM., (28) BB. 
41102. (29) BB. 41103. 


Jeochonetes ? davidsoni (Schauroth). 
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Plate 6 


RUGOSOCHONETES 
Fig. Fig. 
1. Rugosochonetes hindi sp. nov. Holotype. p. 70 6. Rugosochonetes hindi sp. nov. Paratype. p. 70 


la. Exterior of pedicle valve showing numerous spinule 
apertures on capillae, and prominent growth lamellae. 
1b. Same, exterior of brachial valve and interareas. x 4. 
Upper Carboniferous, Namurian, Homoceras Age, Pendle- 
side Beds, Hudsonoceras proteum zone, Congleton Edge, 
Cheshire. BM., B. 53954. 


Rugosochonetes hindi sp. nov. Paratype. p. 70 


2a. Exterior of pedicle valve. x 4. 2b. Same, exterior of 
brachial valve showing interareas slightly reflexed. x 4. 
2c. Same view as 2b, specimen sprayed with ammonium 
chloride. x 2. 2d. Same view as 2a, specimen sprayed. 
x 2. Locality and horizon as for fig. 1. BM., B. 53955. 


Rugosochonetes hindi sp. nov. Paratype. p. 70 


3a. Exterior of pedicle valve showing numerous spinule 
apertures. x 4. 3b. Same, showing interareas and brachial 
valve exterior. x 2. Locality and horizon as above. BM., 


B. 53946. 


Rugosochonetes hindi sp. nov. Paratype. 


p. 70 


4a. Exterior of pedicle valve showing bases of fine spines 
along hinge, eight on each side of umbo. x 4. 4b. Same 
specimen, exterior of brachial valve sprayed. x 2. 
4c. Same view as 4a, sprayed. X 2. Locality and horizon 
as above. BM., B. 53953. 


Rugosochonetes hindi sp. nov. Paratype. p. 70 


5a. Internal cast of brachial valve showing median septum, 
lateral septa, faint outline of brachial ridges and numerous 
papillae. x 2. 5b. Same specimen showing pedicle valve 
with median septum, narrow elongate adductor scars in 
contact with broad diductors. x 2. Locality and horizon 
as above. BM., B. 53956. 


Exterior of brachial valve. x 6, to show tiny spinules 
attached to capillae. Locality and horizon as for fig. 1. 
BM., BB. 20424. 


p. 70 


Part of small slab containing specimen in fig. 6 and two 
others preserved as internal casts of pedicle valve with 
muscle scars and main vascular trunks preserved. Three 
exteriors of the brachial valve also show spinules. X 2. 
Locality and horizon as for fig. 1. BM., BB. 20424. . (See 
also Text-fig. 2A.) 


Rugosochonetes hindi sp. nov. Paratype. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Dorsal view showing brachial valve and interareas with 
quadrilobate cardinal process, almost filling delthyrium. 
x 6. Upper Carboniferous, Lower Namurian, Carluke, 
Lanarkshire. BM., BB. 39340. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Dorsal view showing cardinal process, reflexed interarea of 
brachial valve, and small triangular addition to interarea of 
pedicle valve, not shown in fig. 8. x 6. Horizon and 
locality as for fig. 8. BM., BB. 39339. (See also Pl. 7, 
fig. 6.) 
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Plate 7 
RETICHONETES, RUGOSOCHONETES 


Fig. 


Retichonetes vicinus (Castelnau). p. 63 


Internal cast of brachial valve showing small bilobate car- 
dinal process not supported by median septum. xX 2. 
Middle Devonian, Hamilton Group, Aux Sables River, 2$ 
miles E. of Arkona, Ontario. BM., B. 41090. 


Retichonetes vicinus (Castelnau). p. 63 


Exterior of silicified pedicle valve. »* 2. Horizon and 
locality as for fig. 1. BM., B. 41089. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Interior of brachial valve showing short lateral septa, long, 
anteriorly prominent median septum, and faintly developed 
brachial ridges. x 14. Lower Carboniferous, Upper 
Visean, Upper Grey Limestone, Bog Mine, Llanarmon, 
Denbighshire, N. Wales. BM., BB. 41146. 


Rugosochonetes celticus sp. nov. Holotype. p. 68 


4a. Exterior of pedicle valve. x 14. 4b. Exterior of brachial 
valve showing reflexed interarea. x 14. Lower Caribon- 
ferous, Upper Visean, Flint, Denbighshire, N. Wales. BM., 
BB. 41145. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Interior of pedicle valve showing septum and adductor 
scars. X 2. Lower Carboniferous, Upper Visean, Lower 
Limestone Shales, Beith, Ayrshire, Scotland. BM., B. 
53892. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Exterior of pedicle valve showing almost smooth band 
anteriorly. x 4. Upper Carboniferous, Lower Namurian, 
Carluke, Lanarkshire, Scotland. BM., BB. 39339. (See 
also Pl. 6, fig. 9.) 


@ 


10. 


11. 


12, 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Exterior of pedicle valve. 14. Horizon and locality as 
for fig. 4. BM., BB. 41144. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Interior of brachial valve showing prominent median sep- 
tum. x 2. Lower Carboniferous, Lower Limestone 
Group, Capelrig, East Kilbride, Lanarkshire. BM., BB. 
41142. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Interior of brachial valve. x 2. Horizon and locality as 
for fig. 8. BM., BB. 41143. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


Interior of brachial valve showing smooth region within 
brachial ridges and rows of papillae near margins. xX 2. 
Upper Carboniferous, Namurian. Newton-on-the-Moor, 
Northumberland, England. BM., BB. 41100. 


Rugosochonetes celticus sp. nov. Paratype. p. 68 


lla. Exterior of pedicle valve. 115. Same, interior showing 
septum. X 3 approx. Horizon and locality as for 10. BM., 
BB. 41101. 


13, 14. Rugosochonetes celticus sp. nov. Paratypes. p. 68 


Interiors of pedicle valves, x 2 and x 4, showing pseudo- 
deltidium and laterally elongated hinge teeth, and rows of 
papillae decreasing in size anteriorly. Lower Carboniferous, 
Upper Visean, Acre Limestone, Ancroft, Northumber- 
land. BM., (12) B. 42047; (13) B. 42046; (14) B. 42045. 
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I. 


2. 


5, 6. 


. Rugosochonetes hardrensis (Phillips). 


Plate 8 
PROTOCHONETES, RUGOSOCHONETES 
Fig. 
9. 


p. 52 


Pedicle valve showing capillae increasing by means of inter- 
calations as mentioned in Dalman’s description. *x 3. 


Silurian. I. of Gotland, Sweden. BM., B. 84695. 


Protochonetes ‘striatellus’ (Dalman). 


Protochonetes ‘striatellus’ (Dalman). Pp. 52 


Ventral, lateral and posterior views of highly convex pedicle 
valve. X 3. Silurian, Ostergarn, I. of Gotland. BM., B. 
14221. 


Rugosochonetes elegans (Smyth) (non de Koninck) 


= speciosus Cope. 'Topotype. p. 65 


Exterior of pedicle valve. x 14. Lower Carboniferous, 
D2 subzone, Ballycastle, Co. Antrim, Ireland. BM., B. 
40244a. (See also fig. 11.) 


p. 72 


Pedicle valve showing fine capillae. x 2. Lower Carboni- 
ferous, Tournaisian, subzone Z1, Burrington section, near 
Wrington, Mendip Hills, Somerset. (Original figured 
Vaughan, 1905, pl. 26, fig. 1 as Chonetes cf. laguessiana de 
Kon.) BM., B. 42254. 


Rugosochonetes vaughani sp. nov. Holotype. 


De te 


Interior of brachial valve and decorticated pedicle valves. 
x 2. Horizon and locality as above. SM., E. 11545. 


p. 66 


Internal casts of two valves still in contact along hinge 
showing septum as slit in each valve and very fine capillae. 
x 2. Lower Carboniferous, Hardraw, Yorkshire. OUM., 
E. 1569. 


Rugosochonetes vaughani sp. nov. Paratype. 


Rugosochonetes hardrensis (Phillips). Paratype. 


p. 66 


Two valves in contact along hinge for comparison with 
fig. 7, and showing lateral and accessory septa in brachial 
valve. x 2. Lower Carboniferous, Upper Visean, Gayle 
Shale, Mill Gill, Askrigg, Yorkshire. BM., BB. 41147. 


10. 


li. 


12. 


LS. 





p. 66 


Fragmentary pedicle valves and one imperfect internal cast 
of brachial valve showing median septum about half length 
of valve. x 2. Horizon and locality as for fig. 7. OUM., 
E. 1574. 


Rugosochonetes hardrensis (Phillips). Paratypes. 


p. €6 


Crushed and imperfect pedicle valve showing impressions 
of two spines along hinge. 2. Horizon and locality as 
for fig. 7. (Possibly the original of Phillips, 1841, pl. 58, 
figs. 1046, c.) OUM., E. 1571. 


Rugosochonetes hardrensis (Phillips). Lectotype. 


Rugosochonetes elegans (Smyth) (non de Koninck) 
= speciosus (Cope). ‘Topotype. p. 65 


Interior of brachial valve showing cardinal process and 
alveolus, median septum and two long accessory septa much 
expanded anteriorly. x 4. Lower Carboniferous, D2 sub- 
zone, Ballycastle, Co. Antrim, N. Ireland. BM., B. 
402445. 


p. 70 


12a. Two valves in contact along hinge showing external 
ornamant. x 2. 12c.Same. x 4. 126. Counterpart show- 
ing fine median septum in each valve. x 4. Upper Car- 
boniferous, Lower Namurian, Assise de Chokier, Nmla, in 
boring Bioul 4, MHNB., I. G. 10003. 


Rugosochonetes laguessiana (de Koninck). 


Rugosochonetes hardrensis (Phillips). Paratype. p. 66 
Decorticated pedicle valve showing median septum as 
narrow slit.  X 2. Horizon and locality as for fig. 7. 
OUM.., E. 1570. 
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Plate 9 
MESOLOBUS, CHONETINELLA, WAAGENITES 


Fig. 


. Mesolobus mesolobus (Norwood & Pratten). p. 79 


Exterior of pedicle valve with capillae and lamellose growth 
lines and showing narrow and little prominent fold within 
median sulcus. x 2. Lower Pennsylvanian, St. Clair Co., 
Illinois. BM., BB. 41107. 


. Mesolobus mesolobus (Norwood & Pratten). Topo- 


type. p. 79 
Interior of pedicle valve, showing median septum and 
folding of shell in reverse. x 24. Lower Pennsylvanian, 
Des Moines Series, Belleville, Hlinois, U.S.A. BM., B. 
77817. (See also Text-fig. 15B.) 


Mesolobus mesolobus (Norwood & Pratten). Topo- 

type. p. 79 
Exterior of pedicle valve showing broad, rather prominent 
median fold within ventral sulcus. x 24. Horizon and 


locality as for fig. 2. BM., B. 77818. 


Mesolobus mesolobus (Norwood & Pratten). Topo- 
type. p. 79 
Interior of brachial valve showing brachial ridges and 


prominent anterior septum. x 3. Horizon and locality as 
for fig. 2. BM., B.77821. 


5, 6. Mesolobus mesolobus (Norwood & Pratten). p. 79 


10. 


Exterior of two pedicle valves. Both are very finely capil- 
lete with numerous spinule apertures, and have 6-7 spines 
along hinge on each side of umbo. x 2. Locality and 
horizon as for fig. 1. BM., (5) BB. 41109; (6) BB. 41108. 


Mesolobus mesolobus (Norwood & Pratten). ‘Topo- 
type. p. 79 


7a. Interior of brachial valve showing brachial ridges and 
prominent anterior median septum. 7b. Exterior of same, 
with folding only prominent anteriorly. x 4. Horizon and 
locality as for fig. 2. BM., B. 77819. (See also Text-fig. 
15A.) 


. Mesolobus mesolobus (Norwood & Pratten). ‘Topo- 


type. p. 79 
8a. Interior of brachial valve. 8b. Exterior of same, show- 


ing prominent folding. x 4. Horizon and locality as for 
fig. 2. BM., B. 77820. 


Mesolobus mesolobus (Norwood & Pratten). p. 79 


9a. Exterior of pedicle valve showing almost complete 
absence of folding, and faintly capillate shell, with numer- 
ous spinule apertures. 96. Exterior of brachial valve. x 4. 
Horizon and locality as for fig. 1. BM., BB. 41124. 


Chonetinella flemingi (Norwood & Pratten). p. 85 


10a. Exterior of pedicle valve showing capillate ornament 
and almost horizontal spines. 105. Brachial valve of same 
specimen. xX 3. Pennsylvanian, Graford formation, 
Canyon Group, 4 miles N.N.W. of Bridgeport, Texas, 
U.S.A. BM., BB. 11576. 


11. Chonetinella flemingi (Norwood & Pratten). p. 85 


lla. Exterior of pedicle valve. 110. Interior of pedicle valve. 
x 4. Locality and horizon as for fig. 10. BM., BB. 39363. 


12. Chonetinella flemingi (Norwood & Pratten). p. 85 


Interior of brachial valve. 3. Pennsylvanian, St. Claire 
Co., Illinois, U.S.A. BM., B. 41125. 


13, 14. Chonetinella flemingi (Norwood & Pratten). p. 85 


13. Exterior of pedicle valve showing capillation and spines 
extending at low angle to hinge, and deep median sulcus. 
14. Interior of same valve of second specimen showing 
laterally elongated teeth. Both = 3. Horizon and locality 
as for fig. 10. BM., (13) BB. 11565; (14) BB. 11566. 


15, 16. Chonetinella flemingi (Norwood & Pratten). p. 85 


15. Anterior view of pedicle valve showing wide ears and 
deep median sulcus. * 8. 16. Dorsal view showing brachial 
valve, interareas and external face of cardinal process. x 8. 
Horizon and locality as for fig. 10. BM., (15) BB. 39364; 
(16) BB. 39361. 


17. Chonetinella flemingi (Norwood & Pratten). p. 85 


Interior of brachial valve showing anteriorly prominent 
septum. X 8. Horizon and locality as for fig. 10. BM., 
BB. 39362. 


18. Waagenites grandicostus (Waagen). p. 89 


Two views of pedicle valve exterior. 14. Upper Per- 
mian, upper part of Middle Productus Limestone, Produc- 
tus abichi beds, lower slopes above salt mines on road from 
Rukhla to Amb, N. of spring, N. side of valley of Jarhan- 
wala nala, western Salt Range, Pakistan. SM., A. 3761. 


19. Waagenites grandicostus (Waagen). p. 89 


Pedicle valve showing deep sulcus and coarse costation. 
x 2. Permian, Middle or Upper Productus Limestone, on 
slopes between ruined and inhabited dhok at Kumaranwali, 
Warcha valley, Western Salt Range, Punjab. SM., A. 
3768. 


20. Waagenites grandicostus (Waagen). p. 89 


Two views of pedicle valve. x 14. Horizon and locality 
as for A. 3761. SM., A. 3763. 


21. Waagenites grandicostus (Waagen). p. 89 


Posterior, lateral and ventral views of pedicle valve, 21a, b, 
e. X 4 approx. 2lc, d. xX 14 approx. Upper Permian, 
Upper Productus Limestone, Jabi, Salt Range, Punjab. 
Originals figured Waagen, 1884, pl. 61, figs. 6e, 6c, 6a, Of, 
6d. GSI. 


i 
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Plate 10 
DEVONOCHONETES, CHONOSTROPHIA, NEOCHONETES 


Fig. 


. Devonochonetes coronatus (Hall). p. 43 


la. Dorsal view showing interareas and brachial valve. 
1b. Anterior view. lc. Ventral view. 1d. Lateral view. 
x 21. Middle Devonian, Kashong Group, four miles 
N. of Leicester, New York. USNM. 


. Devonochonetes coronatus (Hall). p. 43 


Interior of brachial valve showing septum supporting 
prominent bilobate cardinal process, and internal pustules 
tending to fuse and form internal ridges. x 2}. Middle 
Devonian, Kashong Group, Bowen Brook, Attica, 15’ 
quad., New York. USNM. (See also Text-fig. 6B.) 


3-5. Chonostrophia reversa (Whitfield). p. 95 


Copies of specimens figured by Hall & Clarke, 1892, 
pl. 15B, figs. 16, 18, 19. 3. Small pedicle valve showing 
erect spines. Xx 24. (Original of fig. 16.) 4. Ornament en- 
larged to show two series of capillae. x 9. (Original of 
fig. 19.) 5. Interior of brachial valve showing v-shaped 
cardinal process, hinge sockets, but no median septum. x 9. 
(Original of fig. 18.) Fig. 3 from Lower Devonian, Upper 
Helderberg Group, Cayuga, Ontario. Figs. 4,5, from 
Lower Devonian, Corniferous Limestone, Delaware, Ohio. 


6, 7. Chonostrophia complanata (Hall). p. 96 


Copy of specimens figured by Hall & Clarke, 1892, pl. 16, 
figs. 13, 29. Interiors of pedicle valve showing long median 
septum, narrow diverging teeth, and flabellate diductor 
muscle scars. Lower Devonian, Oriskany Sandstone, 
Albany Co., New York. 


8. Neochonetes granulifer (Owen). p. 89 


Interior of pedicle valve to show median septum and two 
main vascular trunks set close to septum and two ridges 
diverging from hinge, and bounding diductor scars pos- 
teriorly. x 2. Pennsylvanian, Tuscumbia, Alabama, 
U.S.A. BM., BB. 41132. 


9, 10. Neochonetes transversalis (Dunbar & Condra). p. 88 


9. Interior of brachial valve showing cardinal process and 
alveolus, lateral septa, median septum and _ ill-defined 
brachial ridges. x 2. 10. Exterior of alate pedicle vaive, 
with spines extending almost along the hinge. x 2. Upper 
Pennsylvanian, Virgil, Nebraska City Group, Nebraska, 
U.S.A. BM., (9) BB. 41131; (10) BB. 41130. 


11-14. Neochonetes dominus (King). Syntypes. p. 87 


5. 


Copy of R. H. King’s figures (1938, pl. 35, figs. 6, 4, 5, 3. 
11). Interior of brachial valve showing well-developed 
brachial ridges. 12. Brachial valve with reflexed interarea. 
13. Interior of pedicle valve showing ridges bounding 
diductors and two main vascular trunks. 14. Exterior of 
pedicle valve. All figures x 3 approx. Lower Pennsyl- 
vanian, Marble Falls formation, Llano Rd., 2:7 miles S. of 
San Saba, San Saba Co., Texas. USNM. (11) K 260; 
(12) K 273; (13) K 274; (14) K 268. 


Neochonetes granulifer (Owen). p. 89 


Interior of brachial valve showing thickened inner socket 
ridges, outer socket ridges and cardinal process. Xx 3. 
Pennsylvanian, Tuscumbia, Alabama, U.S.A. BM., BB. 
41148. 
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Fig. 
. Dyoros subliratus (Girty). 


Plate 11 

DYOROS and NEOCHONETES 
Fig. 

6. 


p. 74 


Interior of brachial valve. x 14. Permian, Word Lime- 
stone, N. slope of hill on S. side of Hess Canyon, Texas, 
U.S.A. BM., BB. 11994. r 


Dyoros subliratus (Girty). p. 74 
Exterior of pedicle valve showing smooth shell. x 13. 
Horizon and locality as above. BM., BB. 11992. 

Dyoros subliratus (Girty). p. 74 


3a. Interior of pedicle valve showing long median septum, 
hinge teeth, and ridges diverging from hinge. The muscu- 
lature is obscure. Xx 14. 356. Same, tipped up to show 
spine apertures along hinge. x 14. Horizon and locality 


as above. BM., BB. 11991. 


Dyoros subliratus (Girty). p. 74 


Interior of brachial valve showing long median septum 
becoming more elevated anteriorly, diverging lateral septa 
and short socket ridges, and small quadrilobate cardinal 
process. X 14. Horizon and locality as above. BM., BB. 
11993. 


Neochonetes granulifer (Owen). p. 89 


Dorsal view showing interareas with cardinal process bor- 
dered by chilidial plates, and the small pseudodeltidium. 
The interarea of the brachial valve is reflexed and a 
triangular secondary interarea is added to that of pedicle 
valve. Xx 4. Pennsylvanian, Francis formation, Ada, 


Pontotoc Co., Oklahoma, U.S.A. SM., E. 14922. 


7, 8. Neochonetes pratti (Davidson). Lectotype. 


9,11. Dyoros subliratus (Girty). 


10, 12. Dyoros subliratus (Girty). 


Dyoros subliratus (Girty). p. 74 


Interior of silicified brachial valve showing alveolus 
separating septum from cardinal process, and the absence 
of brachial ridges. x 4. Horizon and locality as fig. 5. 
SM., E. 15505. 


p. 13 


7a. Interior of pedicle valve. 7b. Exterior of pedicle valve 
showing fine capillation and anterior squamose growth 
lines. 8a. Interior of brachial valve. 8b. Exterior of same 
showing fine capillae and numerous squamose growth lines. 
Both valves <x 14. Lower Permian, Western Australia. 


BM., BB. 41082. (See Text-figs. 3A, B, C.) 
p. 74 


9. Part of silicified pedicle valve showing interarea, small 
pseudodeltidium, teeth supported by dental lamellae, and 
spine apertures below interarea. x 4. 11. Interior of 
silicified pedicle valve to show internal medianly perforated 
pustules. x 64 approx. Horizon and locality as for fig. 5. 
SM., (9) E. 15491; (11) E. 15500. 


p. 74 


Silicified brachial valves showing variation in development 
of brachial ridges and other internal characters. (See also 
figs. 1 and 4.) Both x 4. Horizon and locality as for fig. 5. 
SM., (10) E. 15497; (12) E. 15494. 
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1, 2. Airtonia hudsoni Cope. Holotype. 


Plate 12 
AIRTONIA and MEGACHONETES 


p. 108 


la. Interior of brachial valve showing the quadrilobate car- 
dinal process, two lateral septa and breviseptum, and an- 
terior plate-like ridges. 16. Exterior of same valve. 
2a. Interior of pedicle valve showing hinge teeth and 
flabellate, ridged diductor scars, and short median septum. 
No interarea is developed. 2b. Lateral view. 2c. Ventral 
view of same valve. X 1. Lower Carboniferous, Visean, 
C2 subzone, Lower Airton Limestone, Airton Green, near 


Settle, Yorks. BM., B. 86710. (See Text-figs. 214—D.) 


. Megachonetes siblyi (I. Thomas) (= Chonetes 


compressa Sibly). p. 105 


Exterior of brachial valve, interareas, and pseudodelti- 
dium of pedicle valve. 2. Lower Carboniferous, Visean, 


Scaleber Qy., Settle, Yorkshire. BM., B. 20421. 


. Megachonetes siblyi (1. Thomas). p. 105 


Dorsal, ventral and lateral views of small specimen showing 
the low convexity of pedicle valve. x 1}. Lower Carboni- 


ferous, Yorkshire. BM., B. 5874. 


Fig. 


5. 


p. 105 


Posterior of pedicle valve showing interarea with trace of 
spine roots and pseudodeltidium. x 1. Lower Carboni- 
ferous, Upper Visean, Wirksworth, Derbyshire. BM., B. 
47574. 


Megachonetes siblyi (1. Thomas). Paratype. 


p. 105 


Pedicle valve showing insertion of spines along hinge. x 3. 
Lower Carboniferous, Visé, Belgium. BM., BB. 39341. 


p. 105 


Interior of pedicle valve showing dendritic adductor scars, 
rounded accessory adductors and broad _ pear-shaped 
diductors, and pseudopunctate shell structure. 


Megachonetes dalmanianus (de Koninck) 


Megachonetes siblyi (1. Thomas). 


Lower Carboniferous, Visean, Settle, Yorkshire. BM., 
B. 53885. 
Megachonetes siblyi (1. Thomas). (Holotype of 

C. compressa Sibly). p. 106 


Enlarged view of shell surface showing spinule apertures, 
and slightly decorticated shell on right. x 10. Lower 
Carboniferous, Visean, Wirksworth, Derbyshire. BM., B. 
47569. (See also Pl. 16.) 
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Plate 13 


DAVIESIELLA 
Fig. 
Daviesiella derbiensis Cope. p. 97 4. Daviesiella llangollensis (Davidson). Syntype. p. 97 


la. Pedicle valve showing fine capillae. 15. Same in lateral 
view. X 1. Lower Carboniferous, Visean, near Oswestry, 
Shropshire. BM., BB. 86. 


Daviesiella llangollensis (Davidson). p. 97 


Interior of pedicle valve showing dendritic adductor scars 
set close to median septum and large spreading diductor 
scar, also hinge teeth and subdental pit. 1. Lower 
Carboniferous, Visean, Llangollen, Denbighshire. BM., 
BB. 23967. 


Daviesiella llangollensis (Davidson). p: OF 


Imperfect umbonal region showing narrow interarea and 
hinge teeth in pedicle valve, and massive chilidium in con- 
tact with broken cardinal process in brachial valve. 2. 
Lower Carboniferous, Visean, Nant Clwyd, Denbighshire. 
BM., B. 23599. 


Interior of pedicle valve showing musculature, with large 
diductors and rounded accessory adductor scars. xX 1. 
Lower Carboniferous, Visean, Llangollen, Denbighshire. 
BM., B. 81623. (See Text-fig. 19A). 


Daviesiella llangollensis (Davidson). p. 97 


Interior of pedicle valve showing adductor and accessory 
adductor scars, well separated from the diductors. Lower 
Carboniferous, Visean, Llangollen, Denbighshire. BM., 
BB. 84. (See also Text-fig. 194.) 


Daviesiella llangollensis (Davidson). Syntype. p. 97 


6a. Interior of brachial valve showing massive median 
septum, lateral septa and hook-shaped brachial ridges. 
6b. Same in more anterior view, showing finely dendritic 
adductor scars. Lower Carboniferous, Llangollen, Den- 
bighshire. BM., B. 81624. (See also Text-fig. 19B.) 
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Fig. 


1. 


. Delepinea destinezi (Vaughan). 


Plate 14 
DELEPINEA and MEGACHONETES 


Delepinea comoides (J. Sowerby). p. 99 


la. Dorsal view showing interareas and capillate brachial 
valve. 1b. Ventral view of same shell. x 1. Lower Car- 
boniferous, Visean, Dibunophyllum zone, Cyrtina septosa 
Band, Grandy, Shap, Westmorland. GSML., 64554. 


p. 100 


Interior of pedicle valve showing interareas of both valves 
and musculature, especially the rounded accessory adduc- 
tor scars. X 1. Lower Carboniferous, Visean, Llangefni, 
Anglesey. BM., B. 60947. (See also Text-fig. 20B.) 


p. 105 


3a. Part of hinge of pedicle valve with long curving spines. 
x 4, 3b. Same, showing whole specimen. x 2. Lower 
Carboniferous, Visean, Visé, Belgium. BM., BB. 41138. 


p. 102 


Part of interior of pedicle valve, showing interarea with 
striations representing the roots of hinge spines, and short 
septum with apical callosity. Lower Carboniferous, Visean, 
C2 subzone, on shore of L. Erne, near Kesh, Co. Ferma- 
nagh, N.W. Ireland. Simpson Coll., BM., BB. 48086. 


Delepinea comoides (J. Sowerby). Paratype. 


Megachonetes dalmanianus (de Koninck). 


Fig. 


5. 


100 


5a. Interior of brachial valve showing fine septum, short 
lateral septa, bilobate cardinal process, alveolus, and socket 
ridges. 5b. Posterior view of cardinal process. x 1. Lower 
Carboniferous, Michelinia grandis zone, Chonetes carinata 
subzone C2, Arnside shore, Westmorland. GSML. 
64007. (Figd. Cope, 1935, figs. 2a, b, p. 7.) (See also 
Text-fig 204.) 


Delepinea carinata (Garwood). 


Delepinea carinata (Garwood). p. 


p. 102 


Carinate pedicle valve showing typical capillate ornament. 
x 1. Lower Carboniferous, Visean, Michelinia grandis 
zone, Chonetes carinata subzone C2, Arnside Shore, West- 
morland. GSM., 64006. 


Delepinea destinezi (Vaughan). p. 102 


Part of interior of silicified pedicle valve etched in hydro- 
chloric acid, and showing large flabellate diductor scars and 
rounded and detached accessory adductors. The more 
posterior adductor scars are not well preserved. 1. 
Lower Carboniferous, Visean, C2S1 subzone, shore of 
Lough Erne, Co. Fermanagh, N. W. Ireland. BM., BB. 
13021. 





Plate 14 


British Museum (Natural History) Brachiopod Suborder Chonetoidea 





DELEPINEA and MEGACHONETES 























Plate 15 
PLICOCHONETES and LONGISPINA 


1, 2. Plicochonetes buchianus (de Koninck). p. 82 


Exterior of two pedicle valves showing coarse costellate 
ornament. (1) x 1,(2) x 14. Upper Carboniferous, Lower 
Namurian, Malham Moor, near Settle, Yorkshire. BM., 
(1) BB. 39331; (2) BB. 39334. 


3, 5, 6. Plicochonetes buchianus (de Koninck). p. 82 


3, 5. Interiors of pedicle valve showing median septum and 
posterior callosity, adductor scars, and broad diductor scars. 
Both x 3. 6. Interior of imperfect brachial valve showing 
strong curving ridges, brachial ridges and distorted median 
septum. x 3 approx. Horizon and locality as for figs. 1, 2. 
BM., (3) BB. 39335; (5) BB. 39333; (6) BB. 39332. 


. Plicochonetes buchianus (de Koninck). p. 82 


Exterior of pedicle valve showing very strong costellae and 
acute cardinal angles. x 2. Lower Carboniferous shale, 
Upper Visean, Settle, Yorkshire. SM., E. 6733. 


. Plicochonetes elegans (de Koninck). p. 82 


Exterior of pedicle valve showing non-bifurcating costellae. 
x 4. Lower Carboniferous, Tournaisian, Tournai, Bel- 
gium. BM., BB. 39343. 


. 9. Plicochonetes elegans (de Koninck). p. 82 


Interior of two pedicle valves showing small closely placed 
teeth, median septum, adductor and diductor scars, and 
main vascular trunks in 9. x 4. Horizon and locality as 
for 7. BM., (8) BB. 39344; (9) BB. 39342. 


Fig. 


10. 


i. 


Plicochonetes stoddarti (Vaughan). p. 73 


Internal cast of interior of brachial valve showing socket 
ridges and absence of median septum. x 1$ and xX 3. 
Lower Carboniferous, Tournaisian, Burrington, Mendips. 
SM., E. 11538. 


Plicochonetes stoddarti (Vaughan). p. 73 


Group of specimens showing exteriors of both valves with 
simple costae, and well-marked growth lines. x 2. Lower 
Carboniferous, Tournaisian, subzone K1, Avon Section, 
Bristol. BM., B. 41210. 


12, 13, 14. Longispina pusilla (Hall). p. 47 


15. 


Three pedicle valves showing spines extending almost 
horizontally along hinge, and costae with few bifurcations. 
x 3. Middle Devonian, Hamilton Group, Devils Bake 
Oven, Jackson Co., Illinois, U.S.A. BM., B. 14222a-c. 


Longispina emmetensis (Winchell). Metatypes. p. 46 


Group of pedicle valves showing costellate ornament and 
horizontal spines. Left-hand view x 2. Right-hand view 
x 1. Middle Devonian, Hamilton Group, Grand Tra- 
verse region, Michigan, U.S.A. (Originals figured Ehlers 
& Kline, 1934, pl. 2, figs. 2, 3.) UM., no. 14812. (See 
also Text-figs. 7A, B.) 
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Plate 16 
SHELL STRUCTURE 


. Megachonetes siblyi (I. Thomas). p. 17 


Section through the two valves showing interlocking endo- 
spines (? = taleolae). ™* 20. Lower Carboniferous, 
Upper Visean, Settle, Yorkshire. BM., B. 20422a. 


. Megachonetes siblyi (1. Thomas). Dp. Li 


Section through two valves showing thin outer lamellar 
layer and inner fibrous layer with taleolae appearing as 
small peaks projecting into the shell interior through the 
fibrous layers. x 20. Locality and horizon as for fig. 1. 
BM., B. 53885. 


Megachonetes siblyi (1. Thomas). pe ie 


Thin section through the two valves showing taleolae as 
small peaks with central canal clearly visible. x 10. 
Lower Carboniferous, Upper Visean, British. BM., B. 
41160. 


Megachonetes siblyi (1. Thomas). p. 17 


Thin section through the two valves showing taleolae 
alternating with those of the opposite valve and appearing 
as narrow tooth-like projections with a central cavity. The 
fibrous layers parallel to the outer surface of the shell can be 
seen in places between the taleolae. x 10. Lower Car- 
boniferous, Upper Visean, Upper Grey Limestone, 
Llangollen, N. Wales. BM., BB. 41161. 


Megachonetes siblyi (1. Thomas). p. 17 
Enlargement of anterior part of internal shell surface to 
show rows of papillae of varying sizes. x 5. Lower Car- 
boniferous, Upper Visean, quarry N. of Scaleber Force, 
Settle, Yorkshire. BM., B. 48854. 


Fig. 


6. 


Megachonetes siblyi (1. Thomas).=C. compressa Sibly. 
Paratype. p. 18 


Enlargement of unweathered shell surface showing 
capillae bearing scattered spinule bases. x 10. Lower 
Carboniferous, Upper Visean, Wirksworth, Derbyshire. 
BM., B. 47572. (See also Pl. 12, fig. 8.) 


Megachonetes siblyi (1. Thomas). p. 17 


Enlargement of part of pedicle valve interior showing sulci 
in reverse as ridges, each bearing a row of small papillae. 


x 5. Locality and horizon as for fig. 1. BM., B. 53885. 
Delepinea sp. p. 101 


Enlargement of shell surface showing rows of pseudo- 
punctae apparently joined by a longitudinal thread as 
observed by T. Davidson. x 4. Lower Carboniferous, 
Visean, Lower White Limestone, Llangollen, N. Wales. 
BM.., B. 23908. 


. Megachonetes siblyi (1. Thomas).=C. compressa Sibly. 


Paratype. p. 17 


Enlargement of shell surface to show pseudopunctae of 
more than one diameter, and part of unweathered shell 
posteriorly. > 3. Horizon and locality as for fig. 5. BM., 
B. 47571. 
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